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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a system that uses a 
comparatively simple algorithm to decode a signal with high 
accuracy in response to a Doppler fading velocity when 
transmission antenna diversity is employed for the CDMA 
system. 

SOLUTION: A user station 12 of the wireless communication 
system 10 is provided with an inverse spread circuit 22 that 
receives slots sent from at least two transmission antennas 
of a transform station 14 to spread the slots inversely. The 
slots include 1st and 2nd channel including different pilot 
symbols, respectively. The user station 14 is provided with a 
circuit 50 that measures the values of the 1st and 2nd 
channels for each prescribed slot from the respective 1st and 
2nd transmission channels. Furthermore, the user station 14 
is provided with a circuit 52 that measures a phase difference 
for each prescribed slot in response to the 1st and 2nd 
channel measured values and in response to the rotation of a 
prescribed slot by 90 degrees with respect to the slot 
received by the inverse spread circuit 22 just before the 
prescribed slot 
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] 2 fciim •tz>mz&W}fc=L--y : m i 4 ^jtftwffiigr* 

- • 7 3=. — v^^^iSflfC^^So fl5^ • 7x 

-yymtlt, -t— Kl tt*^t<o»S:^ft< Lfc 
t-A7^-7«j|^5 c Kl -Cli. 

Sr*-T (c ^ - if jg tt ft g cot^fRM S: 7 
Y'.<y?-tZ) 0 PL <5zE-<5t, ^e— K i T-firL— 
If « 5 f — J*7 d — f^fc-< ^ h 

w 



43(9)2 0 0 1 -12 7 6 7 5 ( P 2 0 0 1 - ] 2 7 6 7 5 A) 
15 16 



[0 0 2 2] Alt, ««wa (n) ttSifiJSiSfSTV 
>-rtA 1 2 2 *w#;t£>2x3 0 — K'<s/^ 

-rs»«^**3E^«bi-fc»^, w x (n) %mmit 
^i"«ie:«ttft^o o^«9. w! (n) tmmikznx 10 

^ffiwijn) J-BaiibTl^^T*, w 2 (n) if 
114^?) 1 2 7 ^ - hV< 5/ ^ t § c Sifctt* 

&ffi(D^:— K 1 T'fi. w 2 (n) (j:2o©|W- JjtZrt b 
S 0 Lfc^oT-^ hyuW<7?*^-ftttac<^S;2 £ 3tl 

it 2 



W=(l, 0) 
W = (l, 1) 



20 



2 (n) (Dim (D—^tiLtf-pj—F^yp-tiriiixy^ s 

ifetb, 2 3t 1 <^»-&tiii8R*-ii+ 1 (oimmm^y^ 

2 (n) coffi 2 5tOOri>l) S:»Ri-5ffi* 

[0 0 2 3] w 2 (n) Srft^-t-St¥*Stl5^^~ Kltt 

^-—*Fffi 1 4 (7)tK ^>fr<DZ?u ^^cop^a^.^-f'o 13 2 

t>^-f- c H 2 t?ttiS?te«* 2 2^lt, 5S4t»*5«t 
Xf&tfr-r/l'?-'** * s*vy? 40 &^i- 0 -? p y {? 4 0 

So ittjf^-^cJ; KM2 2(j:7yTtA14 

(pccpch) tmm^m^^^^^ (dpc 

H) t?*"t- 0 i¥*SWtfi, PCCPCHiiSMi2 
^^rec^-im (i-*fc*>, KflSJBi 2 tiifBi-a 

iUff^iX, wx (n) <*rw 2 (n) JCJ&S D/c ffi^tttt (3 $ 
iltl^l ^ 0 LDPCH if^i^^WCfco 

X, w, (n) £w 2 (n) K:jEDfcS*f+#tfS£Jx-Ct* 
So PCCPCHtDPCHt>7 -^ifAT-ii-fs $ 
ix % U — M*&&L<DXu y hSr^tfo MifiWCD 
MATU 47i/-Afil 6^o^hS:$tr 0 JfcPC 50 



C PCHt'tDPCHT'fc, Z^Xb(D^--Y>^^(D^^ 
a y httlSIC-^V n hlE-g-T^S 19 . £ felt $R IE -!§-£: 

11, DPCHffi^ Ky-^^PCCPCHE^ h 

y — ^£H^i-s 0 w^bb^o^ h y — A<o4aajcot^T 

[0 0 2 4 ] 7o y ^4 0/i^(7)DPCHE^M- 

AS G ^o^^42^44 (i^^^^f J: 9 t-flff L 
DPCH|2#^ h y-A^5,DPCHttaiBti:D 
PCH^py HE-S-Sr-tJx-PJxftOm-f. **Wttt 
DPCHif$BfE^§-£- 

*(«) 

(J^Tx (n) £3efE1"S) T3eU DPCH/^ny 

y(*) 

(OTy (n) ^ie-ts) x-m-to x^n^mmmco 

^-x (n) fittm^4 2^?)MRC7 ? d y? 2 3l£fcU;tl 
Six, DPCH^ny MH-S-y (n) ttttttJ«4 4^ 
b^-ir>-^yuff««2 4 (rtfcS^^nSo ^ttCo^T^ 

[0 0 2 5] f8?i£»*5«tr/5>/i¥-^yu^^^ • :/p 4 
0 H^ttSATfe^P C C P CHIE^ h y — A{-j^S 
fc, hJ/^fiPCCPCH^Vny HEfttffi 

S4 6l:A5o PCCPCH/^D^htefttttS^4 6 
teP C C P CHfE-^ h y -iN^bP C C PCH^V a 
jy ME-g-SrSi 9 UJ-T 0 *PJl0f TUPCCPCH/Vp 

z(n) 

(WTz (n) fc^ffi-rs) -C*"f- 0 PCCPCH/^ 
oy MEf z (n) tttttU«4 6^&^^^yu»flfi» 
2 4iCUi*$ix€)o ^tL^o^T^(^|^(-fA^-rs o 

[0 0 2 6] m2(D^^>^^Wm^2 4fi. ttf±i^4 
6^bPCCPCH^oy hffitz (n) ^rg:itS^ 

^/ufMBis 2 4 tt^ft < <t t>a#i-€»a?t£»x— 

::t*ypy^ 5 o^^^>^/uffl^^tT9»i^ 
Pfti:Mt§o #^LT^-<Sch. tt»^ft-CttP 
CC PCH/^ p y hlE-S-ttSJft«^#|*4aifS T>v^ 
tSCgiS, CC90iJT-«, ttHB^ixfc P C C P CH/^ 
-fa^Mfif z (n) {iliiTyrfAl 2^:^ 

iH{-ct t 9^- — ifS 3 4 fc'&i&m 1 2^Mf^/^ p ^ 
h tB cr> (it 2r *fl o T ^ S ^ X\ 



*(10)2 0 0 1 - 1 2 7 6 7 5 (P 2 00 1 - 1 2 7 6 7 5 A) 
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-tz> 0 uta^s 1 . a-fsi4(iw 2 (n) <om 

^??W:i|j:P^K*fc5e -t"*fe*>, 3. — If m 4 
^bSM 1 2— <7}:7^ — K^y^ft-g-jrfi^^^^yu 

i5 2 (a) 

(«Tw 2 ) (n) <k^fE-rs) it5o 

10 K/^7^Sf^i; WI^D y ^ 2 1 (lw 2 ) 
(n) Srif tftllt IJll:»JSt5ttw 2 , t (n) £* 

2^jEU^ffiw 2 (n) Sffl^tw 2lT (n) Srgfc^U 
:ni:± (-r*fc*>, w 2 . T (n) sj 

wfc3JS*5 B CTxtf, a.— ^ 1 4^w 2 (n) = 0£V^ 

>^/U(7)7^^(C, §ffi-5ffifiw 2 (&✓<—) (n) =1 
2 (n) <Dfgte2o<7>#tfg<7>— JjtLtf&t So LfcriSo 20 ^t*qix4t\ aS?f-, 3.— I^S 1 4/^w 2 (n) = 1 ^ 

~*i:-77t°y^t5 0 ^<D^v\f^^m^^mZ(Oif ^*/Wititolz % §m-r<5ffitew 2 ) (n) =0 

77 5 2gl:, 4tttI*li(:fBot7 p D5/hlt/Tt 0 ^t*Ptbfti\ r<o J; ote»tmfefrtbZ><nx^ t^SSf 

tl^<i^S^ ?775 2gliw 2 (n) <D 2 oco^fg CD^E— K 1 Sr^t *5 t # If ^ 1 4 «U ::<E>K$ffT? 

^ffii^^-r^ 2o<^B«rottfcffi#5 2^ 5 2 2 £-^ fcT— A 7^-- ^«B*fcH:7 >7^ffitf§ t P¥-$nBS*3E 

i- 0 ^ne>^2o^iigfi^ 2 (n) 2oco^-r>5ftt ctT9 0 r tbizot^r &K«MWfwift03-t- s D 

tz-^y t°>^-r^, 0 #^l.t^-<5^, f t^/^JJ^ [0 0 2 9] m2<D$jM-7n y^HI-Iot, 

af^a^ SuCii^J; 9 CD P CH^V o ^ hffi^y (n) iiffl 

30 UJS4 4^b^-y^^l¥ffiS2 4tCtB^7^ix, Sfcr 

#MK^E5 2irt«Cfe^i:$f±0 2 (n) ©(KiOSffe tbfcfljKSE^fca^ DPCH^Vp^ ME^w 
So £2 (n) CD^<^ 0*^^91*^^— A7^- 1 r t (n) ^ w 2 . T (n) IZfg CtSM 1 2 iC J: 9 fl^JE 

»2ii??-S-^ynz^^ 5 4tCttJ^Stb, ^oy^54tt $ilTl^o ^ 2 Sr#fig UTJ^Ti-f^^-f"S £ 9 K , D 

0«^^^ 2 (n) (D^ftffi^^t/S-rs 2iifgw PCH^oyMEfy (n) * ^^JS^SS «fc 

2 (n) = 0 Ci^j&U w 2 (n) = 0 cofit^SJfe^ 1 2 K t -i,7^-- vH^p 7^56 C8it5 0 -Jny? 

ffc*JT\ ^>-t^$j5Efg 5 6(1, ^ ^ >^yUffl^^o 5/ * 5 0 ^ V^ufflJ 

5/^5 2^bfiffiltt0i (n) ^ 2 (n) SrgitS. 
j5S*«5 2 2 rtl:*)Si:*tt0 a (n) Ofttt rtLb^A^C^CT, ^By^5 6llff^l4tS 

So <£ 2 (n) <^;i<^7cft<ht*9»ifcr— efifc 40 ffi (itfjfch,, (0l'<— ) <0iE#T#AL;fc) SrM Rcy 
ifc2iI??-!§-;/n 5 4 {r|±S^7$tl. 7 f n 3 /^5 4f4jc nz y ^ 2 3 CtUTji^S ^(D t Z t?— A 7*— -efllB 

St^502 (n) ^^a-KSr*r^i-S 2 5ifflw 2 (n) . igett. Htji-r^^— K'<y*£*tfcfcf— a^^-— 
= l^a*L, w 2 (n) =l^KMil2[;7^ ^%lLthn (\U'<— ) ^IEb<*t^^nfc^i:Srflt 

[0 0 2 8] fttcffijfeftW^*- K I (O&KotBmiz&B ^«S*ti 0 

[0 0 3 0] S4tt, ^-if^J 4/^Sffi-£fl-^<£> «»w 1 . T (n)*5<tVw 2 . T (n) (SflfiJS 1 2 if m 1 

— ) ) * s ^-lr>-*^8P]^«ftai.„i3«fcVa 2 .„<!:, 50 36k) Xjx^Z^X^Z Z t Z&^iz^-t^ zo)£o 



^>h. mm T^-rmzmmzsim vit^ n ^ his 

«B*-ctt, rvftAi 2,^»jj:-r5^ + >'^/ujRiS 

a 

^ -V /I'M femt: a 2 , „-C*i- 0 oi,„to 2l 
V^^SJl^^n 3/^5 O^bt- i^^^-— -rffiWcwYW?' 

[0 0 2 7] ^att-^yn -/^ 5 2 f^fg 

ai. „^ a. 2 .„{CJJ; CT^tB^ftt (<^>i (n) i:^ 2 (n). 
T^-f-) ^ffff-TSo ^wT'^i (n) <t^ 2 (n) tt« 

$tlfc Wl (n) ^w 2 (n) cOfg (n) 



1 2 7 6 7 5 A) 
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( n ) t w 2 . t ( n ) 8:^— I 4 ^SfltB U C jx fe 
[0 0 3 1 ] Sfc. ^oy^ 5 

n y? 5 2^e><^ffiffiM<|[0i (n) <b 0 2 ( n ) 7^£>w 

1. t (n) fcw 2 . T (n) SrMS»Ji-5wt^t?^itiK^ 

XtiUSl 2(iw 2 (n) t?ttft<w 2 ) (n) K/S 

(n) ^^Ay/^ffi^mUTt^^^— IfJBl 

2 . t (n) SrK9]LTh„ (0J'<— ) «:ft^"*-5ige-efc 

m<0$\%:&Z><Dfr &\,\ y V n= 1 IC^^T, 

4tew 2 (l) tl^ — K^<y 1 
2tciH{S-r§^<H^-f-^o rtU^CT. 1^1 2^ 
fiSw 2 (1) ^{|L, 5,^ 2 1 ttSEtlt-f" 

£fSw 2 . T (1) 2r£/&U ^w 2 . T (l) S^Wb 

t, if® i 4 (c^ffi-^o «e*stfp<D^— k i -effl 



w 2 .x (D s^sftu :©gt^e,x«jai23ist 

<^»l£-t-4ai«Jc|IBR^w a .T (1) <Z>ifAy*««:/H^ 
fc^Srft^LJ: 5 i:K**o rcoK^te, f£fAKl£ <h ^ 

2 (1) t fc li*< r<7)ftft§^ttSrffl^Th n (|lj'< 
— ) Srft3tU MRC7^n^23iih n (Ul^— ) <D 

[0 0 3 2] K10fftWSrJ|»toSiwSfc 



*(11)!00]-1 2 7 6 7 5 (P 2 0 0 1 
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* 2 (n) <7?2oo?"5II64r f — ^-(itAittSrfflV^tLHr, S-S* 

i:^T*#4 0 L^L«ttt«t5 «fc Kli^*3 

S:t£»T<o^~ K 2 t -=e~ K 3 izlt^xi&i \ 
[0 0 3 3] mi otfc*K»cD^e- K 2 colbfts«:JL£ 

(Wttf, 2 fcii«i--5*-BSP«i#:3.— ^ l 

4^-e- Kl <Diim J; 9ffi^S«T-»»UCt*<5 

«^t Wl (n) £r (^LtW»*i (n) Sr) 

siwtts^, tr— -^mmftwyv y? 5 2x 

(D<f> z (n) £w 2 (n) C0tf-ScO5>fi?ft^^< ft5 0 # 
^L-T*t!-<£<t, ^h^T'l^Py^ 5 2tt2fffcr— 

■^7^- ^ftftte:;* p -/ h^/c 9 4 5 S<£>^ u — 

is 3 ^ (constellation) [allc^r-^*: >5 0 i~ 

-e-T(*> 2 (n) £w 2 (n) ^r^^i-^o frfr&m 
fc&AM'fro t±fcX~l 8 0*{^te^-T^coT% 4 5| 

4 ^ii^ni"^ 4 ^ n 5/ bfo(D&mifX* & y hid 4 5g 



30 



fc^-f A • ^135/ hC^fi^^t^ (n) £w 2 
(n) (PfttSrftJEU Jfc^4^o ^/ Hco^yu— ^ i cogff 

t5 0 I^I3fii:o^t, ?k(Dm2 t04 S:#flB ItW 





Slot 4l 


slot 4/^1 


sJot4^-2 




0 


0 


n/4 


n/2 


3/cM 


1 


n 


-3*/4 


-7l/2 


-n/4 



[0 0 3 4] 4 y hcO^Vt— i 1 (O^ p ^/ 

h4 i (;ot^*2 <!:E)4 Sr#fig-r5i:\ ^-flH 
2 (n) <tw 2 (n) ^(611, ^7760(:^tJ;9i:x 

C 0S<^EIte{^S<5<o i¥U<a?'<St . ^7760 
{i2oco^^fes®«6 Oi^r 6 0 2 S:^-r o 



50 



^ s ««6 0,<^*JC*5ar-&tt, ^p^^52I^ 2 (4 
i) Offi^O^f-t^U W-S-ft^o 5 4ttw03ffi 
Sr»-^fbbT*tJEE"t"*2-ffl[?B*w 2 (4 i) =0£&/$ 



] 2 7 6 7 5 A) 
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i) (Dmz-gttnML., n&ity* yi? 5 a\xz.<d\u 

&m^ikLXMJt^%2mm^z(4 i) =1S:4« 
7 6 o±(OjS<ofit«ii, w 2 ) (4 i) (Dimz 

i 2^sftt^w 2 ) (4 i) <Dm&iizm'i, 

[0 0 3 5] ^fc^2 tmAfofsis—T'i ^<D^V<0 3 
7 a y V gr^-r o r -CEi 4 Ttel^<Z}#SS#-§-£rJfl l * 
7><DX\ if 7 7^ 2{i^o 5/ h4 i + 1 fzatJSSLT*/ 
4ft(^L^HlteSr*b, ^7764{^P5/h4 i + 
2{w*Jj£LT jr/2ft^*L,l^HlteS:*U, ^7766 

i + i «zffi^5-t^*i6 2.xttSii:<75rittt{z*fbr tc/ 

4«ElteLTt^^fcS:*i- 0 * fc if7 7 6 2 tt 2 oco 

W6 2 l rt(:fe5i^^ 2 (4 i + 1) <D\m^n/ 
4fttrfctK w 2 (4i + l) =0lc»JS-r3 2it<£j&S2£ 



*(12)2 0 0 1-12 7 6 7 5 ( P 2 0 0 1 

22 

*~/4mXfo v ), w a (4i+l) = 1 iZttfc-tZ 2MiA 
: J& s XifiJ5 1 2C7^- ¥'<yi? £;ft,£ 0 %L1Z$L2 b if? 
7 6 2 ± Steffi to, w 2 ) (4 i+1) O 

itt^-js^Taiftjai 2^n^-r4ffl:tBigteS:*-t- 0 mz 

7. U y h 4 i+1 t?tt, gfl&Jg 1 2 3&sS«-t-4 w 2 ( jffi 
) (4 i + ^ftt^O^bl^^te, S^l 
2<7};7^ — Hv^7^g^J:t>^I7D ^ i/\%7.xi y h 

4 i + 1 <D7*>*/i'm < fetiEteg£{k&n/4 8tk itm 
10 (4 i+D offias 1 jcvu^ah&tt, *jfijai2ii-x 

d 3/ h 4 i+1 (D^-^^^^m^iu.nmit^~ 3-/4 
t£*gE$ff£>^— K2(wjB^T, 3.— if^l4^0 2 

(n) iz^x_z>m2 km4<D?My<Dmtmk, ^comco 

w 2 (n) — <E>SJftfc, mmm\ 2(D7 ^—Y^y^m^ 
*3«ttJ5ftI^ns/^|lJ;5w 8 (n) GQfjt^ 

[0 0 3 6] RK:^.— if^l 4 ^if|tl)w 2 (n) JcjcE 
C5t£*R$ffeo^E— K2{CJ;S«ia^JSiJ<^ffii»^ov^T 

Siffi^l 2 7^£>JLf::£#, 3.— if^ l 4^?>cow 
2 (n) (O^^— K^y^«-S-^**J5£s:"t"a, Sill2^ 
*»*c3t«Ufc«»fir*-f^«rw 2 (n) £ 

K^3/^«-g-*5±T/*Ba>/a >^ 2 1 fit, w 
2 ) (n) ^§:ff feSiCw 2 . T (n) ^ffi£r$;^ 

frhfLZ* t w 2 ) ) CD 4 o(7)fjl(D^pi&i'f+®-r 

30 £CD-C\ ^<^)|SS(7)w 2 . T (n) fci&^ifc 5 J; 9 ft j£ 



«6 2 2 rt(:fc5I^^ 2 (4 i+1) Offl[tt-3* 

Wa (n) = W2 ( 4 0 1 g * W - ! ) + w 2 (4i - 2) + iu 2 (4i - 3) 



5£ 5 



^5<7>tpC0w 2 (&^^— ) (4 i) liSffiI12^7>f 

7*— ^^fc&^U ^5o4^B9^3o<7);bPim^ 
6O^0r^©:6Qttjco 3 o b"— a ^ ^- — ^^^^ 

-To ^*SiS(0^e— K2T^i^ixb(0 4o<Dffi^^L 
(■T**?*), 4t»l9) , SlftSi 2ter<z>jB*w 2 .T 40 
(n) C *3»«2 0 2 «C»jtt-rs»2^ttJ*l 8 2 ^?> 

cofs-s-s-i»«tSo — wi.t (n) tt¥(-s*ft*n 
fcfEw, (n) ^>*nca*^T\ ItBi 2tt:hi:, 
*JHS2 0,^»«-rsfBi^tU*l 8i^b©«#Sr» 

t+5 0 

[0 0 3 7]lf^^lt/)Wtai:9i:, 
«^^~K2 t>2o<olil^i o w 2 (n) ) 



^cd^ □ ^ hc/)w 2 (n) fittfcJfcftflf^^E— K 1 <7)#^co 
<t b\^2<><Dm<Dlltitf&kZ>fr. 4 7>X2y h(^^7t 

(-r^tj*>, 2 ffi/^ a y h * 4 7s u v h/iHite-y-w ^ 

[0 0 3 8] |g 1 (OKJfcttSf©*- K 3 (Om^^LZ 
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(Oi&gt&i&b *<ox\ ffiMi^^- k 3 xn&mcof&m 

tt A 7 — ^««<Z>*^ fk # , 21 GQif.*D tt 
IS^Mco^- K2«)BI2l:/TtJ: 3*ElteK:«k 9»b 
Jx5^"eii4^, t**S«<o^e— K3^SBTM tr^ h 

<z)«*Sr7-f — K^y^-t-So ^c-ei try M4«*fr 

lEtf* h"C*>9 . »9tf>3 fcfs/ b tiffin is 7 h^ITIEffl 

[0039] r.n*r^itt*a*-cii3S*nsBB^— ^ 

t^c »f£*— KI«E*S«©*- Kl Kit* 

2^ • 7x— »^«S:*/<-t-5(D 

^oT, J£$5BEflA—:7 p • -t— K4rt¥*K«<E>*~ K3 

ft 3 yj if *> ri> &m ^ T M^'t ^t^7^- 

If J: < § ^ S 9c 

[0 0 4 0] JElSlfflBHyu- • ^e— Kfcjot tr— a:7 

i cQgJLHtj^^sr^^T, mxmmzmm-rzi: 5i-w 

1 (n) ooffiSrSpftu Sfcrnfcij; y*:<owm&<D 

(n) SrSmfL-TSo L^Uff*b^Htfi^> 
fltli, tf— A7^— W£S5cfH?:/u y? 5 2X~<D<t> 

2 (n) tw 2 (n) ^fUM-iSl^T, tOKRiffGD^— K 
1 *3J:tf2 itt»«4^*»W*}5S»b*tS 0 #^L-T 

(tfcf— A 7* — y hSfct) 9 OS<59^>^ 

f l/-y3>lEl$G^4-X-§o L/c^ot, I$7x d ^ h 
n, n + n + 2ft4ffe*Z. ft'fr^u y H:*tt5 9 
0flCEIte^K<5v^T* 2 (n) fcw 2 (n) Srftft-fSo 

^^[Hte$r 2iufr9 1 1 8 o-ft^taa-raot?, 9 0 

S=» > a ylallstli^-fS 1 4 te— 

* 03/ hC9 0 JS.m^M TLZZbliZXV *a y b 



$(13)? 0 0 1-12 7 6 7 5 (P 2 0 0 ] - 1 2 7 6 7 5 A) 
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ti-4^n y h£§{f Lfc*>f A • *n y h^^P^i^ 
S^t^t^ (n) CDfflS£#^U JSfc«w 2 0(07 P y h 

lt0 2 (n) cofigSrS^i-So rcO[El^i-ol>T, Jfc 

f:± 5 S-C^b^fc&fEteEI 1 C^fy7f^ 1 OrtTl 



10 









0 


0 




1 




~tJ2 
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[0 04 1 ] S3 k\M\5frhftfi*Z> & 5>i-. 2o(7)7d 
y hCOyOt— :7* i rtc7)^ 1 CO^ a y h 2 i iro^t, ^ 

— i^JSi 4rt<^tr— j*?*— y 9 5 2^ 
*^-r^)0 2 (2 i) <z)fnm, ^77 7 0{:^fj;p{: 

i-, 0^cQ(H]fe^S^< o f^lXy^^ir, ^7770 
[j:2o(7)|^fe|,ijJ 7 0 k!: 7 0 2 ^f o 7^y^5 



* s ««7 0irttC*>S*&tt. 7'n^52l^ 2 (2 
i) coffin Og^ftSL, yDs/^5 4li^W||S:Sf 
ftLTw 2 (2 i) =OcD2iico^f{t^^.LT, M 

m 30 if&«i 2t^7-<— b^<y?-rz> 0 m^. ^^>^m& 
m 

^*7 0 2 rti:fe§i^|j:, 7'd^52I^ 2 (2 
i) ^ffi^r -^ctft^U ^ ^ 5 4 ^ CD fit 
ftltwa (2 i) = 1 <D2m<D/$fcm&£.J&LrX, S 
flfiJS 1 2\Z7j— Y'<y ?-fZ> 0 *fc*3 t if "y 7 7 0 
±0^<^ffi«H, w 2 (jft^— ) (2 i) co^TtgftffiC 

^ctsffi^i 2asn*raffiteEtes:*i- 0 t^tt 

40 t % Sitfi^ 1 2 ^^w 2 ( 2 i ) = 0 <h 

t ^ 9 fit $r ^: (t L fz MS . giifaJml 2<D7j— V'< y? 
S^iWIT'o y 9 u y h 2 i V^/Uffl 

feffitiafbSroflci: LT*aa-f* 0 as*«i 2^w 

2 («^-) (2 i) -1 tt^(IS:S*lt»^f4, 

[0 04 2] *fc*3 <bEI5tf>b#a>S J; 27u 
y b<r>#fr—-7 i rt^lf?2<7)^n y h 2 i + 1 5^oi^ 
50 X , — 1 4 rt CO fcf — X> ^ ^ — e«»fHf -/a^ 
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5 2 ftfcfe-ti d>2 (2 i + 1 ) CDttte, ^77 7 2 ir 

2^-C*-T<t 9 0S<DlsHEicS<3< o ^57 7 2 

tt2o<a|»<Z>fc5fB«7 2i<b 7 2 2 **i% ^o^^S 



3ft5««7 2irtir*)S4i-&«:, 7 ? oy^52ii0 2 (2 i 
+ 1) <E>ffiS:*/2«£M-£U >^ 5 4i£Cc^fg 
Sr»^tLtw 2 (2 i +1) =0<D2ii<O»JCffl[Sr^fig 
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*t/7 7 7 2±^ttltt, w 2 ) (2 i + 

1) (7>IUDTSiil 2 35S|l|i-|--Bfi[tBlBlteS:* 
•to t&fclsX^Zb. S*il2^w 2 U&'<— ) 
(2i+l) =0t^5 ItSrSft Lfctfr&tt* 1 
2 <£> 7 -< — FV< s> * a**3 J: CHaiT' py^tt^oy h 

• 2 i + 1 <o^^>^vm t &^m&iti:n/2S.t Ltft 
^■T^o SflfeS 1 2 ( 2 i + 1 ) " = l 

<^Mt£Sff b7ti§^te, 2{^d^ h2 i 

10 5 0 

[0 0 4 3] w 2 (n) <OffiSr»S"t"«JES«SfflB!/U— ^ - 

V(Dztx^^(D$mn, m 3 (ommcDitLmmm d> 

(n) (-f-*fo*>, 0, 71, tc/2, -7r/2 0ci:tl 

^£*i5B»B#^!7-P (n) ?rft^4r-r^ ± 5(^0 
(n) £il^ 0 



0MB#7 2 2 rtt£*54fr&tt, 7'd^52(^ 2 (2 i 
+ 1) <Dtt&-K/'2&kft&ls* y'v y? 5 4te-<D 
tt*«-g-*fcLTw 2 (2 i+1) =l<D2m(Dttfcm&± 

P(«) -|a MW| (n) + a^Oof =|(]a Itfl f + ||a 2j| | 2 +2xreal{ci^a 2i/1 e^>)) * 6 



^ 6 Jig* (Z^SSr^a trC0-t\ riiCoi^&T^l 
real{x} 

II v || n^<? h/u v co^ — ^ !J y K • y/Uj^^r^: 

-To 

[0 04 4] *fc^6ri>b5)^5cfc 9^ #F£b^HJ£ 
<^»«St?tt»Wp^!7— P (n) ^>**(Stt. n 30 

^(n)e {0,7r} 

, n i: £ li 

^(M)6 {±7T/2} 

t\ 0 2 (n) 7^6 60^ 

^ff*tS:#flSLT 2o(Offl[frilRLT<J:^o »5tbT 

T\ El 2 f-A7 — & y V 5 2 £ tf — 

A 7 * — r«# 2 at*f -S-ffc^ o y ? 5 4 £igr& Lfc t>C0 

ny? 5 2/5 4 t V*& 0 7* a y b 50 



fcSStt. Bl 6 tt±<^SC 6 0 2 (n) 

[0 04 5] El 6 (C^o^T, ft^iJ^D >^ 5 
0^fc<75-litai.„i: a 2 . n ffi^7D 7^ 5 2/5 4 i^A 

P7^80^A*80^ 8 0 2 (:|S^ o 7'P7^8 

y? 8 0(D[tit)8 0 3 Tfcot, wtL^^co^7(c^ 
tti* 80 3 = a- a 3>ll ^ 7 

real{a l w n a^^^<">} 

<DMcV]<D 2 oco^fc^WSr^i--5o 
[0 0 4 6] HiMfT'n 8 O^b^SWtUA 
2«C*g-&-ra o 7^ 7 f82|j:] oco 

2^ffiBJ-«I9#fcao WfibTiB^St, i^ojxh 
60 ^yu— y^cog? 1 CO^. n y h 2 i 7>-Y^f 8 2 

WIMS7d 2/ ^ 8 OOttS^SrHfife^lihtb^D y ? 
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8 4 dtg^gb. i * & y Y<T>? tv—'7t\<F>%2<F>* u y 
h 2 i + 1 "Ctt, ^yf82 

[0 0 4 7] UMiffl^py^ 8 4tt*C0A*^#*. 
ttt±57"p ^8 6 tt*^>A*l^:#*bixS-«[^ril*aft: 

«*^ttlt««liE-et>*a«fc3£^D ^ 8 8l:A5o ^ 
n yi; 8 4^fe<Z)|6fi8:^oeiL_b<7>»&ttyD 7^9 0 
Kit** 3,* 8 4ri»?><0jlj«$frriSO ± 

I^o*^ 9 2izit|> 0 ft/S^ttm:/*** 8 6 CO 

9 6^^. fC7oy^ 8 6^e>^*fiE^^ 
OiWtl^tt^Py^ 9 8Kjgtf 0 
[0 0 4 8] 5 0/5 2<DWimz&y£f8 t £tl 

Sftl&ISJ^CJ:. 06^5/^ 9 0, 9 2. 9 6, 9 8 

h n = 2 i a-e^-t-j: 5 
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5 0 -«l:^ttHl7 f D y ^ 8 4 iftS^ D j/ ^ 8 8 
Ht, *****«ti*SCSr*JfflLTBW?^!7-P (n) 
S-f^Ct^^ (n) C0ftt^*^-r^) o CO^^^S) 

4 £ 8 8 li 

a: 



real(B»a 2Bll e'*«- 1 } 



<7>**ffcl-£<H*T* ^8 8tt»fcn^^n 

9 2fi^n^tln = 2 i ^*3t^-C*3^*-r2 0(^*ft 

2 (n) {CfiJ9ST5 0 ^^Ds/^9O«t9 2li0 
2 (n) ST^ixfcffi^. *3ir^i~j: 5 

n = 2 i + 1 "Cfi, ft-C^+J: 9 Ed 
5^2 {±W2} 



TiS 6 <£>ig 



real {a^e'^j 



^f^fblCl^^T, ^7'd s/^94 {^SttL^yu 
^9 6^9 8 MZfctb* Zt%b<D2o<Dyu y $ 9 6 t 
9 8 te-^^^n = 2 i + 1 (•Cjo^T^3^^-f-2oC0 
J*** fit ^ix^Tc/2 Sfcli- -/2) 

<^^*>b^Sr0a (n) {C#J9 ST5 0 S^Dy^9 
6i98tt* 2 (n) Jw«9aTb*bfcffl[S:, *3*riP 
-T<t 2it<0»JS(fiw 2 (n) lz$m-ik-tz> 0 

ftf^K:, ffifti-^TfeS^ ypy^90, 9 2. 9 
6, 9 8 9 ST bnfcfittB 2 l:*t# 

/p ^W^I^o vv 2 (n) <7>fBtt£fl!j 

2C7^ - K'<;y2 0 2 (n) ^ffitttT— A 

[0 0 4 9] y a y ? 8 4 iC J: aHfiK^CQllbttKr H LT 



10 



20 



30 



40 



8 



[0 0 5 0] ^8 <?r 9a>b3JS$;tx5<J: 
^S^ir-r^CJL 0 2 (n) <7?«[tt 



P (n) 



teal | a U a 2,n} 



^JE^fficD^^, *t8 fc 9(D2o(DKlgmcof . 5^8 
^5>»fettatt*«l S:»«tSi:P (n) ar**tc-rs 

r. t^-e#5 0 fcfcyu y? 8 8 (ii^Kix^y 

o 9 Otzit^T0 2 (n) \Z0&<Dm&m9 ST 
5 Q *Mf#£>, r.<7>«*SP (n) S:**ir-f--5^e>T*> 



rctdja^a^} 



50 



fc»ttTjE<D«fc»tf^ntfP (n) * 
^7p^ 8 8ttw^»-&tt8itlxSr^nv/^ 9 2(^51^6 
T0 2 (n) i-wftOffiSrfUO ST So Z.(D 
fB^P (n) ^f*(:t6^^T^5 0 U:^ 0 T^ 
b<DWr&t>. y&y?8 8, 9 0. 9 2(ie J ^^ 

H ^^T*#6, 

[ 0 0 5 1 ] 7p^8 6idJ:SJ^^(50tiffi{zF^L,T 
^ 5 0/5 2<^»f^SrJEt^a/»i--5fc«>eJlT^I¥ 

S«***tI^S:S:*Jffl LTI»R*'<!7— P (n) 
!-t5 0 2 (n) cOfit^^r^E-rSo L-fc/^oT^^^^ 

i> * WioW3J*fcfilS»*fflt *it*ffi*wit^Ta^75S/^ 
ftt^43ll6<!0jfKaiSr^-ro 8 6 <b 9 4 tt 



29 



fist 10H 1 C^-f ffii::ft5 c 



St 10 

it 1 1 
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2 (n) Olittt 



10 



cD^fl^IBrft 3 J; 5 Lft WUift P>*t ' 

o > h 2 i + 1 corns t± 



v( ]) = (a + /b)(;> = a; + ; 2 b = a; - b 



8 6 9 4 ^a»*s&^5»j^a*j|[*®aa:*-r 0 r 



5£ 1 2 



v(-» - (a + /b)(-7) = -a/ - 7 2 t> = -a) + b 



13 



y <;) » (c - yd) j « c/ - / 2 d ~ cj + d 



i 4 



y (-;) = (c - ;dX-/) = -c; + / 2 d = -c/ - d 



it 1 5 



[0 0 5 3] K±©Ct^t>, tf:P (n) Sr**{cf 
St^5 iW^b, stl 2 753E1 SttJfc^r i:S:*-t- 0 
S13W12 ^it-<a fc, 5£l 3 0«*««<^H»gR 



Cift ft 3 Q ^*Lfi<£> 2 (n) =- n/2<Oh ICS 
I^S^Iift^^o 9 AteMft&zfv > ^ 9 
8{c3i^T. <» 2 (n) {C-7r/2«Sr»9STSo S 

2o^^tj;5(:, Ao^&fE (-Tftfo*^ d) £ 
»o«*»^6- <0*&*«r»*K*;tti*#fc: j «r«Htft 



r 5a l[a«a 2yt e^^} 



. Hft^e^^o riXf^0 2 (n) = tt/2 ^izmz 
Z>o ^(DmSn&sET'v 9 4ttSftnSr^n y? 9 6 
iCii^T, 0 2 (n) \Zn/2m*m v )mXZ> 0 Lfc^ 
30 ot^b^tP (n) S:S^:t50 2 ( n ) <E> 

«*t ft W- Jl S: fir 5 s&SE ft t \ 
[0 0 5 4] 1 2 Clot, a- if^ 14^ 

SrWB-TSo i-ftfr*?, IfJBl 4ttw 2 (n) (S« 
ft£ixT^ft^ifr&M:wi (n) t>) tf>fft«r:7-<— K'< 

40 i 2 ^^(-§:m-r^^fe^w 2 (n) -e 

17'a 3/ ^2 1{j:2^7 : y/^»MfT5 0 fB*^fc«> 

[0 0 5 5] 7o^21 <75*3U<0ttfts£: IT, ^ 
^ 2 1 llw 2 ) (n) iZ|£DTw a (jfi^— ) 

(n) twStiSi-SllK^ffltB^ (0 2 .t (n) T**"t-) 

tl ^^^) ^ , 7a^hn = 2 i C^ol^w 2 
— ) (2 i) *S2at-fit<O0(C«U^»'&tt, yn^^2 
50 ltt02. T (2 i) ^0f{:f U^ftSl, w 2 (fe/< 
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-) (2 i) ^^mmcoMzmt^m^n. y^ y ^ 2 

1W:$ 2 .T (2 i) $ing.\Z.^V\i*bSk'fe-fZ> 9 £fc^ 

hn = 2 i-M C*d^Tw 2 ) (2 i + 

1) *«2iB«[^0^«JEb^»&H:, yn^/^2 1^0 
2 .t (2 i + 1) as*/2*fc»L^i:SM£U w 2 (ft 

) (2 i + i) ^2iife<Di 

2 1I402.T (2 i + 1 ) tf*- 7t/2ftf^Ll^i: 
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* [0056] ^ 2 i (o*2*?»fNi, nc-h^as 

^:^2.t (n) <7)fcfe£fttzm^!&CZh<D-Xi*foZ> 0 
^fcLxm^&b. ftt0 2 . T (n) SrSfB-TSir^oy 
? 2 1 tt*3Hg2 Oii 2 0=-^ffl^ai8BRO«*jRSrSt 
St§ 0 «ftCJ6-<fcJ:9^wi.T (n) Ht*Wb*Jxx 



rt>Lw 2 . T (n) JiHulw^a-/^ 2 1 *Sft^bfc« 

2 .t (n) 0>SSB£tf>«*::S<5< o Ll^SllfcOJK 8S 



rt 16 

8$<STte, w 2 .t (n) (Df£te2o(Dmyk<DX u y hlZft 
0 2 . T C0 2 o<Dgff fit (-f-fcfe^ 0 2 . T (n) £ 
£ 2 .t (n-1) ) *>5pJ$«:ffi^5o ^ix^r^^^l 7 



7l> 



[ 0 0 5 7] ifcl 7T**t2^P5/ h¥#/j£fi, L 



5£ 1 7 

*u 7<7>«airt^2o(oj!in*tta*^ffirto*n*^ 

5tl 7(:itT^iJ^ilT0 T (n) 



2 ; VI 



5£ 



1 8 



* 2 .T<7?2o<OgfS«<^5p*Si: IT 9t (n) Z7£mi- 
Z>o fR»^ oyh "CIS 

A,t(")MM } 

fztf&tZ> 0 7 £ 1 8(7)«£m^b, ffel?3ff2 0 

ifc«fcV2 0 2 tt-tJx-PiXw,.T (n) irw 2 . T (n) (DiH. 
Srffi^Tll^-wa.T (n) Sitw 2lT (n) SiSr£/S 
L, ^tlh&^tfrl^tlT >t^A 1 2i^A] 2 2 C:J;<9 
^--if^j i 4 ^i^ff-r^ 0 
[0 0 5 8 ] Sltt^j l 2 *sff$ ^tSB^/u-T" • ^ 
-KCtotlffwi.T (n) Si^w 2 .T (n) S i&n. 

tr— a^^-—- ^fltB:/^ 5 6<o#f* t^Hte^i 
-enasixa, a-— ^] 4 c*3*t-5flF* ut^tf— A7 

^ISISiZO^Tat^^o tr — A 7;*- — -^flitg&: 



ft (^J^itf, w 2 . T (n) ) &ffl^5tf>T\ tr'— 

— -^aiBtt— mzmi&m 1 2^i^^6DB^ffi£M 

fllBL.*:«S:/IH*-C* ypy^2 Sco^^itS^t^^t^ 

[0 0 5 9] @7lift^i€*5J:a ? ^A7^— 

CixSrit^ Li^lS^flg^BBiS LTs¥*B«rlttW"t-5o 
[fijC^^/cJ: 9 i-. 7°n ^ 5 6 te^CQftfecO^n -/ ^ 
^^S^^A^SrSrttSo -f-*fo*>, hEfi 
U1S4 4 A^«)D P CH^V p y hE#y (n) £ , tr 

(n) *5it5^ 2 (n) (Sfctt^i (n) 
40 T^S»-&tt0 2 (n) fcftt) fi, fcf — ^ 7 ^- — ^fltB 
7Dy^l0 0CA5o ^/c/P7^5 6|j:, 
/^»J^^ P^5 0^bf-V ^^^S'Jftffi o i. r .*5 J; c>* 
a 2. n &XJjh LT§ft£ 0 toi,„ttSl co-^yU^^n 
3/ h¥*&ft«l3t«l 0 2<^A*JrS5jB6L 1 a 2 .„ttJ|S2 

[0 0 6 0] 0 2 n&Xfl 0 4C0tB^^A.*fS 

9w4xbSra,.„ (UJ^< — ) *3cfctfa 2 .„ < |JJ^< — ) T*tP 
50 -f c lft3£(|ta.i.„ (UJ/<— ) joctt>'a 2 . ri ( | J J ^ < — ) fl^ 
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2 .t (n) (d^l— ymi 4iz£z>mj£mx~3by , ie** 

LTw 2iT (Ul^— ) (n) t?*-f- 0 fiw 2 . T (|X|^< — ) 
(n) ft*2©A*||»»fc LT*|HI1 0 8C»«t 
5 Q S/clil7{:/Ttw 1(T (Oj^< — ) (n) ©tttSl 

jjmmmt L-rmm-tZo issi o 6*5j;vi o sco 

RC7n7^23(rjiSAh n (Uj^— ) Sr-^-^^o ft 
(w, f t J: r; t - A 7 eftiy n y $ 

[0 0 6 1 ] JifeSl 0 2*3<fcVl 0 4 ttA^l-Sttrt:* 
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Ttt, Jft^l§l 0 2*3 J; VI 0 4 tt-tn^P^^A*^^ 
^XSffi («i. n (Uj^— ) »±tfo 2 .„ (Ui'<— ) "CIS 

x-yy/j4gt1i6 7>D5/ hl^l^ [0. 3 ? 0. 
8, 1, 1, 0. 8, 0. 3] Srf+*t, Jg^v^c — 
10 ^iiflrCtt4*i3 y H-fi^ [0. 6, 1, 1 , 0. 
6] Srf+«t-CT*&-t-*« 

[0062] 7o^^5 6 <Z>^ 9 <D 7 o ^ t *g S CO 
»f^Sra*p-t-«fc», 6£i 8^S4i:fUl 



[0 0 6 3] ai9©ai,„t a 2 .„(DB[:|i, "ttl^tl 
JfJfeggl 0 2*5 J; VI 0 4tf>&0»*&iK*fcifi£-|Ka 
i.n (Lll'<— ) ^a 2 .„ (Oj^— ) ^^tj:w 0 ffch 

0t (n) §r*^-f-5 0 £F£ bv^nifi<z>jKiB-ettr.^>lft 

fWDPCH/^Py hfEf y (n) (Dim^fc CT fcT— 

igi j-ffSbv^ias^jKjR-efi^^ a 
s/ me# (iW*cjE-<fcj:9«w**aai«r^-*-Ai 2 

itAl 2 2 -C1^Voiy hlE^nfts) 



1 9 

20 £DT2o(7)I/^^ ( J:t ) b^0T (n) Sr^^: 

[0 0 6 4] i?*>S><Z>jf£ L^fcf— A7t- ^fllB^ife 
timDPCHAVpyhffify (n) 
t (n) §r*^i-£^ 75^^fS-§-Srftco5*;2 0 O ± 9 



y(n) = ( b| (n) + <"))+ WW 



V2 

*2 0t% W (n) ttfiK^SfcO^IR^a^&S-tf 
b 



*S 2 0 



30*()^Tb <b*iE-t-^)«i^p ^10 oasjifeggi 0 4 



5£ 21 



S2 1t, (d k (1) , . . . , d k (N Y ) } 
ftk(7)D PCH/'^ d ±y h • '*# — ls-Qlh K> . Nvll 



40 [0065] Lfc*ot, »* i^jafe<a®iRj&sms ^ 

5o 



™*(V2xreal^ =* 



2 2 



Me{l,2} 



50 



So n = 2 i^t^li 0 
■ 2> (lU^^— ) = n Tfo«9 . n 



(1 » (0j^< — ) =0*5 J; V0 
2 i + 1 CO <h # fi 0 
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[0 0 6 6] H8tttr^7^-^SlByD y ^ ] 0 0 

yx—^mm-Jv y? t Lxm^izmwurz^ t&x% 

»f^i-5 0 Si\ 7'n^l0 0iliw 2 .T (111 a*— ) 

(n) -e*-r«i^«sr#K.ao rfttt«^w-«fc sk* 

2 2F^cofif Cn ° (UU'<— ) CiSt^o *fcw 2 . T (Hi 
) (n) coffin B^f^^n y h ntCOl^- 1? 

ii4 izmm-tzfftfc&i&m 1 2 j*s« -g-u:tttf-fc**w 10 

2 .t (n) COft^^-— I^JSl 4$m7£lstz.mT~$>Z> 0 

[0 0 6 7] mSte^? V^fSL-fv ^^112^ 
tr G 7^0^11 2te, #»<>f o v V • ^ t^2 1 * 

[fi^3lI4 s = y"(n)b 2 («) 

S2 3 K &^1~J: 5 y^i 14 test 2 2 

realjy»(n)b 2 («)e^) 

[o 0 6 8] nas/D^ 1 1 4a>&<0*a*Ht 20 

3£#^-f 7f 11 6CA5o i^ny h CO ^/t— ^ CO 
»1 n h 2 i -e^^Y i/f 116 fi^ 1 OfiSJ-w 
SJ0*fc9 . ^11 4(OHj^i 1143 

SrH/ifc^ttffi:/*^ 1 1 8^«j»^5o I2^d>> 
h 2 i + 1 -Ctt>W 5/f 11 6tt»2^ffi«i;:^9#;b 

9. si^ia^D 7^11 4cotH^ 1 1 4 3 ^i^ 

tttli^n ^12 Ol^fttSo 
[0 0 6 9] H^ttai^a ^118 A2Hw# 

tetimt L-CjDjMgl 2 2<£>^1 (7? A* 1 2 2 30 
5 0 ^Djl^l 1 2C0^2OA^ 1 2 2 2 ttbf?^«^o 
sx* 1 2 4^&k.v.„"e*-f-U#^litS:g*tSo *D3»* 
1 2 2C0tU^fl 2 2 3ttJt««4fcJiJttt««t?fca* 

0«Ji<D*&ii^Dy^ i 2 8 Kittys, rcofp^oJ: 

^^l 2 8ioJ;l> v l 3 Oti^^L^ti^s.T (Uj^ 
— ) (n) irtetBMffi (i"*fc*>. -tJx^ixOiTc) 2r 

:«)tS:2^oy h?%/P7^ 1 3 2irttl^i 
i-^> 0 2*n 2/ h^ffc:/n 5,^ l 3 2 <D\&t}&-7 v y 40 
* 1 0 0iJ5SttJ*i-S*»«[w 2 .T (|ij'<-) (n) x&> 

[0 0 7 0] it^tttfcS^a ^12 0ttt<OAAH4 

ZlJUgck bTiD^gg 1 3 4 <7}^ I <OA* 1 3 4 
So JDjMSl 3 4 COfj§2tOA^ 1 3 4 2 (il^^(|7°D 

i 2 4^e>ko«.dt?*i-L#ivjj|[s r g^ao 

J 3 4 (DttJ^j I 3 4 3 ttJttt«*^:ttJt«8t«ffi-e*>*flt: 
u y?\ 3 6 (wa*ei"-5 0 J 3 4 a^&WfatfS 

0 £AT<^*&tt^ n ^13 8 diltl^ r.<50¥D^ 0 J: 50 
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* fc^-t- ks -r « ^ -v v^/u^^fii a k . ri t <om^vEo 

b 2 (n) (Ds<? h^Ii**^t5o b^bfita 
k.nCIUttft^tli 1 1 2jmg£C: 

5 0 /Py^ll2#ft3tt5^ h/H 2 (n) Mt« 
^^Sf^n 5/^1 14 COA^I 1 1 4 LT 
A3 0 7n^H4 teSUoOAyJ 1 1 4 2 {^D PCH^° 

(n) SrS*t4o y&y? 1 1 4 ItA^j 1 14^1 l 

14 3 t*t 0 ^fcr^^*cD^2 3 Id^-fo 
5t 2 3 

!5*t^&&(i/n >^ 1 4 0C_ii&> o H8iC*-rj:5 
C7'd ^M3 8*3ctLKl 4 0 tt-tft-^h, 0 2 . T 
— ) (n) fC&tB^ffi (-f-*;b*>. -tn-PiX 7c / 2 - 

7t/2) ^^x, ^<Dm^2^t2^y bw-mty^y^ i 
3 2(rmyj-r^o 

[0 0 7 1 ] ±|;tt«Lfcct5^, L#^fjl^a 

o v o u <t k odd 

^ 1 3 4l:^5 0 &\Z~ftio<Dfg.<D±j£ l \z<>\,*Xt&m 

^fficO^^ Tevenj <b [oddj 
i^Mt^^DyhC ("f-*fc*>n^fl[^Sfll» (0»Jx: 
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BACKGROUND OF THE INVENTION 

The present embodiments relate lo wireless communications systems and, more particularly, to 
15 a closed-loop mode of operation for such systems. 

Wireless communications have become very prevalent in business, personal, and other 
applications, and as a result the technology for such communications continues to advance in various 
areas. One such advancement includes the use of spread cpodrum communications, including thai of 
code division multiple access ("CDMA"). In such, communications, a user station (e,g., a hand held 
20 cellular phone) communicates with a base station, where typically the base station corresponds to a 
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"cell. 7 * Further, CDMA systems are characterized by simultaneous transmission of different data signals 
over a common channel by assigning each signal a unique code. This unique code is matched with a 
code of a selected user station within the cell to determine the proper recipient of a data signal. CDMA 
continues to advance and with such advancement there has brought forth a next generation wideband 
5 CDMA f WCDMA"). WCDMA includes alternative methods of data transfer, one being frequency 
division duplex ("FDD") and another being lime division duplex ("TDD"), 

Due to various factors including the fad that CDMA communications are along a wireless 
medium, an originally transmitted cofrvnunicatlon from a base station to a user station may arrive at the 

user Station at multiple and different times. Each different arriving signal that ic baced on the came 
10 original communication is said to have a diversity wiih respect to other arriving signals originating from 
the same transmitted cornmuiucaiioa Further, various diversity types may occur in CDMA 
cornmunications, and the CDMA art strives to ultimately receive and identify the originally transmitted 
data by exploiting the effect* on each signal that arc caused by the one or more diversities affecting the 
signal 

IS One type of CDMA diversity occurs because a transmitted signal from a ha*e station k 

reflected by objects such as the ground, mountains, buildings, and other things that it contacts. As a 
result, a same single transmitted communication may arrive at a receiving user station at numerous 
different times, and assuming that each such arrival is sufficiently separated in time, then each different 
arriving signal ie said to travel along e different channel and arrive as a different '-path/* These multiple 

20 signals are referred to in the art as multiple paths or muJtipaths- Several muhipaths may eventually 
arrive at the user station and the channel traveled by each may cause each path to have a different phase, 
amplitude, and signaMo-noise ratio (^SNR ,! ). Accordingly, for one communication from one base 
station to one user nation, each mulripaih is originally a replica of the same originally iramrrriticd data, 
and each path is said to have time diversity relative to other multipaih(s) due to the difference in arrival 

25 time which causes different (uncondated) lading/noise characteristics for each mulupath. Although 
multipaths cany the same user data to the receiver, they may be separately recognized by the receiver 
based on the timing of arrival of each multlpath. More particularly, CDMA communications arc 
modulated using a spreading code which consists of a series of binary pulses, and this code runs at a 
higher rate than the symbol data rate and determines the actual transmission bandwidth In the current 
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industry, each piece of CDMA signal transmitted according to this oode is said to be a "chip," where 
each chip corresponds to an element in the CDMA code Thus, the chip frequency cfeflnes IbZ rate of the 
CDMA code. Given the use of transmission of the CDMA signal using chips, then muliipaths separated 
in lime by more than one of these chips are distinguishable at the receiver because of the low auto- 
correlations of CDMA codes as known in the art 

In contrast to mmitipath diversity which is a natural phenomenon, other types of diversity are 
sometimes designed into CDMA Systems in an effort to improve SNR, thereby improving other data 
accuracy measures (eg., bit error tale ("BER'7, frame error rate ("FER^ ami symbol error rnu? 
f "SER 1 }). An example of such a designed diversity scheme is antenna diversity and is introduced here 
since « pertains to the convnunicaifon methodology used in the preferred embodiments discussed later. 
Looking first in general to antenna diversity, which is sometimes referred to as antenna array diversity, 
such diversity describes a wireless system using more than one antenna by a same station. Antenna 
diversity often proves useful because fading is independent across different antennas. Further, the notion 
of a station using multiple antennas is often associated with a base station using multiple antennas to 
receive signals rransmtned from a singjc-anienna morjile user star Jon, although more recently systems 
have been proposed for a base station using multiple antennas to transmit signals transmitted to a single— 
antenna mobOe station. The present embodiments relate more readily to the case of a base station using 
multiple transmit antennas and, thus, this particular instance is further explored below. 

The approach of using more than one transmit antenna at the base station is termed a-ansrnit 
antenna diversity. As an example in the field of mobile communications, a base station transmitter is 

equipped with two antennae far transmitting to a. c ingle- antenna mobile eta Hon. The uca of multiple 

antennas at the base station for transmitting has been viewed as favorable over using multiple antennas 
at the mobile station because typically the mobile station is in the form of a hand-held or comparable 
device, and it is desirable for such a device to have lower power and processing requirements as 
compared to those at die base station. Thu% the reduced resources of the mobile station are Jess 
supportive of multiple antennas, whereas the relatively high-powered base station more readily lends 
itself to antenna diversity. In any event, transmit antenna diversity also provides a form of diversity from 
which SNR may be improved over singjc antenna communications by separately processing and 
cumbimug the diverse signals for greater daia accuracy at ihe receiver. Also in connection with transmit 
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antenna diversity and 10 further contrast ii with multipart* diversity described above, note that the 
multiple transmit anUjnnas at a single elation are typically within serveral meters (eg-, three to fbur 
meters) of one another, and this spatial relationship is also sometimes referred to as providing spatial 
diversity. Given the spatial diversity distance, the same signal transmitted by each antenna will arrive at 
a destination (assuming no other diversity) at respective limes that relate to the distance between the 
transmit ting antennajt. However, the difference between these times is considerably smaller than the 
width of a chip and, thus, the arriving signals arc not separaldy distinguishable in the same manner as 
are multipaths described above. 

Given the development of transmit antenna diversity schemes, two types of signal 
communication techniques have evolved to improve data recognition at the receiver given the transmit 
antenna diversity, namely, closed loop transmit diversity and open loop transmit diversity. Botft closed 
loop transmit diversity and open loop transmit diversity have been implemented in various forms, but in 
all events the difference between the two schemes may be stated with respect to feecfoaclc Specifically, a 
closed loop transmit diversity system includes a feedback conununication channel while an open loop 
transmit diversity system does noL More particularly for the case of the closed loop transmit diversity 
system, a receiver receives a communication from a transmitter and then determines one or more values, 
or estimates, of the channel effect imposed on the received commuiucattoiL The receiver then 
communicates (i.e., feeds back) one or more representations of the channel effect to the transmitter. SO 
the transmitter may then modify future communication^) in response to the channel effect. For purposes 
of the present document, the feedback values arc referred to as beamforrner coefficients in that they aid 
the transmitter in forming its commurJcatkm ''beam" to a user station. 

With the advancement of CDMA and WCDMA there has been a comparable development of 
corresponding standards, For instance, a considerable standard that has developed, and which continues 
10 evolve, In connection wfth WCDMA is the 3" 1 Generation partnership Frojcct ("3GFF") for wireless 
communicatioiis, and it is also reflected in 3 GPP 2 systems. Under 3 GPP. closed loop antenna diversity 
for WCDMA roust be supported, and in the past 3 GPP set forth a closed loop operational method that 
alternates between three different communication modes. The choice of a mode at a given time is 
dictated by the Doppler lading raie of a particular user station receiver; in other words, since user 
stations are lOcdy to be mobile then due 10 die mobility as well as other factors there is likdy to be an 
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amount of Doppler f 2 ding in ihe signals received by such a user station from a base station and this 
fading affects the choice of a dosed loop mode In addition to die dlfferem rading rates giving rise to tne 
selection of one of the three prior an modes of operation, each mode differs in certain respects. One 
difference is based on how the beamforrner coefficients are quantized by the user station, and other 
5 differences also apply to different ones of the mocks. Such differences are detaDed later. In any event 
note here hy way of oacfcgrounci ihar generally there is a tradeoff among the three modes, where greater 
resolution in the feedback information, and hence a greater level of beamforrner control, ts achieved at 
the expense of increased feedback and processing delay. 

The preceding three modes have proven to achieve a considerable level of performance us 
10 measurable in various maimers, such as BER, FHR, or SNR; however, the present inventors also have 
identified various drawbacks with the overall three mode approach. For example, a certain level of 
complexity is required to implement the necessary algorithm 10 switch between the three different modes 
in response to changes in Doppler fading. As: another example, an alternative approach muy be 
implemented using one mode which provides results that match or outperform the results achieved by the 
15 prior art modes 1 and 2 across the Doppler frequencies for which those prior art modes are used. Still 
other benefits may be ascertainable by one skilled in the art given a further understanding of the preferred 
embodiments, as should be accomplished from the detailed description provided below, 
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BRIEF SUMMARY OF THE INVENTION 

In the preferred embodiment, there is a wireless communication system. The system comprises, 
a user statk>n> The user station comprises despreading circuitry for receiving and despreading a plurality 
of slots received from at least a first transmit antenna and a second transmit antenna at a transmitting 
5 stauoa Each of the plurality of slots comprises a first channel comprising a first set of ptlol symbols 
and a second channel comprising a second set of pilot symbols. The user station further comprises 
circuitry Tor measuring a Tlrst channel njeasurement for each given slot in the plurality of slots from the 
first transmit antenna and in response to the first set of p3ot symbols in the given slot The user station 
further comprises circuitry for measuring a second channel measurement for each given slot in the 
10 plurality of slots Horn the second transmit antenna and in response to the first set of pilot symbols in the 
given slot The user station further comprises circuitry for measuring a phase difference value for each 
given slot in the plurality of slots in response to the first channel measurement and the second channel 
measuremenr tor the given slot and tn response to a ninety degree rotation of the given slot relative to a 
slot which was received by the despreading circuitry immediately preceding the given slot 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

Figure 1 illustrates a closed loop transmit antenna diversity system within which the preferred 
embodiments may be Implemented. 

Figure 2 illustrates an expanded view of selected blocks of user station 14 from Figure 1 . 

Figure 3 illustrates a graph to depict the prior an mode 1 mapping ofa channel measurement to 
one of two different phase shift values. 

Figure- 4 illustrates four graphs to depict the prior art mode 2 mapping of channel measurements 
according to respective 45 degree rotations, where for each rotation the channel measurement is mapped 
to one of two different phase shift values. 

Figure 5 illustrates two graphs to depict the mapping of channel measuremenis according to the 
preferred embodiment broad range closed loop mode according to respective 90 degree rotations, where 
for each rotation the channel measurement is mapped to one of two different phase shift values. 

Ftgure 6 illustrates a block diagram of the functional operation of heamformer cocfficknt 
computation block 52 and beamformo* coeDicient binary encode block 54 from Figure 2 and according 

to the preferred embodiment. 

Figure 7 fllusiraics a block diagram of channel estimation and beamformcr verification block 56 
from Figure 2 and according to the preferred embodiment 

Figure 8 illustrates a block diagram of a first implementation of a bcarntormcr verification block 
lOOi thai may readily implemented as beamformcr verification block 100 trora Figure 7, and which 
operates according to a two rotating hypothesis testing method. 

Figure 9 illustrates a block diagram of a second Implementation of a beamformer verification 
block 100 2 that alco may be implemented as beamformcr verification block 100 from Figure 7, and 
which operates according to a four hypothesis single shot testing. 
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DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 illustrates a closed loop transmit antenna diversity system 10 within which the 
preferred embodiments may be implemented, and also which in a block form may represent ihc prior art. 
Accordingly, the following discussion first examines system 10 in a general fashion as applying to both 
the preferred embodiments and the prior ore, followed by & detailed discussion with additional 
illustrations of the particular modifications to system 10 to implement the preferred embedments. 

Tuming to system 10 of Figure 1, H includes a transmitter 12 and a receiver 14. By way of 
example; assume that transmitter 12 is a base siau'on 12 while receiver 14 is a mobile user station 14. 
Also, for the sake of simplifying the discussion, each of these components is discussed separately below. 
Lastly, note that the closed loop technique implemented by system 10 is sometimes referred to in the art 
as a transmit adaptive array (*lxAA 7 % whSe other closed loop techniques also should be ascertainable 
by one skilled in the an, 

Base station 12 receives information bits B : at an input to a channel encoder 13, Channel 
encoder 13 encodes the information bits B\ in an effort to improve raw bit error rate Various encoding 
techniques may be used by channel encoder 13 and as applied to bits B m with examples including the use 
of convolutional code, block code, turbo code, concatenated codes, or a combinatbn of any of these 
codes. The encoded output of channel encoder 13 is coupled to the input of an in led caver 15, 
Interleaver 15 operates with respect to a block of encoded bits and shuffles the ordering of those bits so 
that the combination of this operation with the encoding by channel encoder 13 exploits the lime diversity 
of the information For example, one shuffling technique that may be performed by interleaver 15 e to 
receive bits in a matrix fashion such that bits are received into a matrix in a row-by-row fashion, and 
then those bits are output from the matrix to a symbol mapper 16 in a crjlumn-by-column fashion. 
Symbol mapper IB tnen converts its input bits ro symbols, designated generally as S : . The convened 
ffymbok S t may take various forms, such as quadrature phase shift keying O'QPSTC*) symbols, binary 
phase shift keying ("BPS*? 7 ) symbols, or quadrature amplitude modulation ("QAM 71 } symbols. In any 
event symbols Si may represent various information such as user data symbols, as well as pilot symbols 
and control symbols such as transmit power control ("TPC") symbols and rate information CRJ") 
symbols. Symbols S : arc coupled to a modulator 18. Modulator 18 modulates each daia symbol hy 
combining it with, or multiplying it times, a CDMA spreading sequence which cart be a pseudo-noise 
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("F N") digital signal or FN code or other spreading codes (La., it utilizes spread spectrum technology). 
In any event, the spreading sequence facilitates simultaneous transmission of information over a common 
channel by assigning each of the transmitted signals a unique code during transmission. Further, this 
unique code makes the simultaneously transmitted signals over the same bandwidth disitnguishabie at 
user station 14 (or other receivers). Modulator 18 has two outputs, a first output 18 1 connected to a 
multiplier 2D t and a second output 18 2 connected to a multiplier 20 2 . Generally, each of multipliers 2D X 
and 20* for a communication slot n, receives a corresponding and per-skrt decoded weight value, w LT (n) 
and ^i^w), from a feedback decode and process block 21. Feedback decode and process block 21 
provides values value. w tT (>i} and wxr(n) in response to values w x (n) and wjft\ respectively, as further 
discussed below. Each Of multiplier 20i and 20^ multiplies the respective value iv lT (/i) and ^Mp) times 
the corresponding output 18i or I82 from modulator 18 and, in response, each of multipliers 20 t and 20 2 
provides an output to a respective transmit antenna A12 t and AI2-2, where antennas A12\ and A12 2 ore 

approximately three to four meters apart from one another. As detailed laier, in applying the various 
modes of operation in the prior art, the operation of multiplier 20 t is based on normalized value (lt^ 
wi_r{n) fc normalized), while the operation of multiplier 20 2 may be based on a single slot value of mv^a) 
for certain modes of operation while it is based on an average of successively received values of w* T (") 
for another mode of operation, and in either case w iT (/i) is relative to the normalized value of w KT (n). 

Receiver 14 includes a receive antenna A14 L for receiving communications from both of 
Uausmit antennas A12 L and AlZz> Recall that such communications may pass by various muitipaths, 
and due to thu spatial relaiionship of transmit antennas AX2 1 and each multipath may include a 
communication from both transmit antenna A12j and transmit antenna A12^ In the illustration of Figure 
1, a total of P multipaths are shown. Within receiver 14, signals received by antenna A14, are connected 
to a despjeader 2Z Despreader 22 operates in many respects according to known principles, such as by 
multiplying the CDMA signal times the CDMA code for user station 14 and resolving any multipaths, 
thereby producing a despread symbol stream at its output and at the symbol rate. Additional details 
relating to despreader 22 are also discussed later in connection with its breakdown of different channels 
Of information as received by antenna A14,. Trie despread signals output by despreader 22 are coupled 
to maximal ratio combining ( f, MRC) block 23, and also to a channel evaluator 24. As detailed 
considerably below, channel evaluator 24 performs two different channel determination*, and <o avoid 
confusion one such determination is referred to as channel measurement while the other is referred to as 
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channel estimation, where both dderminatkms are based at least on UK incoming despread da la. Further, 
channel evaluator 24 provides two outputs. A first output 24* from channd estimator 24 outputs a 
channel estimation, designated as h rt , to MJRC block 23. In response to receiving the channel 
estimation, MUC block 23 applies the estimation to the ocsprcad cau symbols received from despreader 
22 using a rake receiver, however, the application of the estimate to the data may be by way of 
alternative signal combining methods. A second output 24j from channel evaluator 24 communicates the 
values w t («) andw£n)> introduced earlier, bad: toward base station n via a feedback channel. As. also 
detailed below, ?he values and are detennined by channd evaluate* 24 in response to a 

channel measurement made by channel evaluator 24. In any event, one skilled in the art should 
appreciate from the preceding that the values w t (n) and vvz(*) are therefore the closed loop beamformer 
coefficients introduced above 

Returning to MRC block 23 of user station 14. once it applies the channel estimation to the 
despread data, its result is output to a deinterlcaver 25 which operates to perform an inverse of the 
Junction of Imexleaver 15, and the output of deinterleaver 25 is connected to a channel decoder 26. 
Channd decoder 26 may include a Vjtcroi decoder, a turbo decoder, a block decoder (eg., Reed- 
Solomon decoding), or srill other appropriate decoding schemes as known in the art. in any event, 
channd decoder 26 further decocfes the data received at its inpui, typically operating wiih respect to 

Certain error correcting codes, and it outputs a resulting Stream of decoded symbols. Indeed, note that 
the probability of error for data input to channd decoder 26 is far greater man that after processing and 
output by channd decoder 26. For example, under current standards, the probability of error in the 
output of channd decoder 26 may be between 1CT 3 and 10^. Finally, ihe decoded symbol stream output 
by channel decoder 26 may be received and processed by additional circuitry in user station 14 7 although 
such circuitry is not shown in Figure 1 so as to simplify th» prevent illustration end discussion. 

Havirc detailed system 10, attention is now returned lo iie idenuficatinn «s a closed loop 
system. Specifically, system 10 is named a dosed loop system because; in addition to the data 
corrrrrainication channels from base station 12 lo user station 14, system 10 Indudes the feedback 
communication channei for aDrnrnunicating the btrarnformer coefficients t# t (rt) and w^n) iiom user 
station 14 to base station 12; thus* the data communication and feedback communication channels create 

a circular *nd, hence, "cJosc<T" loop system. Note further thot bcWormcr cocfjtcicnis )+i(n} and 
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may reflect various channel affecting aspects. For example; user station 14 may ascertain a level of 
foding in signals it receives from base station 12. such may be caused by local interference and other 
causes such as the Doppler rate of user station 14 (as a mobile station), and in any event where the 
fading may be characterized by Rayleigh fading. As a result, user station 14 feeds back bcamformcr 
coefficients w t (n) and wfr), and these values are processed by feedback: decode and process block 21 to 
produce corresponding values v* LT (n) and w^n), which are used by muhfeiiers 20, and 20* to apply 
those values to various symbols 10 provide respective resulting transmitted signals along transmitter 
antenna A12, (in response to w» LT </3)) and along iransminer antenna Al^ (in response to ^t(")> Thus, 

lor a first symbol 5, to be transmitted by base station 12, it is transmitted as pan of a product w^{n)S x 

along transmitter antenna A12 t and also as pan of a product ^t(«)Si along transmitter antenna A12*. 

By way of illustration, therefore, these weighted products arc also shown in Figure l along their 

respective antennas. 



Having detailed dosed loop transmit antenna diversity systems, attention is now directed to the 
above-introduced 3 GPP standard and its choice of closed loop modes at a given rime in response to the 
) Doppler fading rate of a particular user station receiver. Specifically, the following Table 1 Oluatraics 
the three different former 3GPP closed dfversiry modes and correlates each mode to an approximate 
Doppler fading rate (ie., frequency). 



1 Prior Art Mryfe 
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Tabiel 



In addition to Uic difterent fading rates giving rice to the selection of one the throe prior an modes of 
operation in Table 3> the methodology of each mode differs in certain respects. One difference is based 
on how the beamformer coefficients (e.g., *,(«) and w^n) from Figure 1) are quantized, and other 
differences also apply to different ones of the modes. Such differences are further explored below. 



11 



$(44)! 001-127675 (P 2 0 0 1 - 1 2 7 6 7 5 A 

Tl-29547 ■ v _ ,_ v , 

PATENT 



10 



Looking to the prior art mode 1 of operation from Table 1, it is used for relatively high DoppJer 
fading rates, such as would be expected when the particular mobile user station 14 with which base 
Station 12 is communicating k moving at a relatively Urge rate ef apced. To accommodate the higher 
Dcppler fade, mode 1 uses a reduced amount of quantization for the beamformer coefficients, that is, in 
mode 1 the user station feeds back a lesser amount of information to represent these coefficients. More 
panfcularly, in mode 1, a beamformer coefficient vector Wis fed back by the user station, and for a two 
antenna base station la that coefficient vector be represented in the following Equation 1: 

W = ( U, ]{4 W 2W) Equation 1 

In Equation 1, the coefficient w t (n) is intended to apply Co base station transmit antenna A12 x whDe the 
coefficient w£n) is intended to apply to base station iransmit antenna A12^ In practice and to further 
reduce the amount of feedback; information, w x {n) is normalized to a fixed value and thus, it is not 
necessary to feed it back so long as the normalized value is known by base station 12. Accordingly, 
whm w i{ n ) * normalized, only the vaJuo of w£n) may change and is relative to the fixed value of w x (p) 
and, therefore, w^n) is fed back from user station 14 to base station 12. Further, in the prior an mode 1, 
15 W2(n) is only allowed to be one of two values. The quantizations offered by the vector W therefore may 
be represented by the foflowing Equations 2 and 3; 

W-{l, 0) Equation 2 

w -(l,l) Equation^ 

Thus, mode 1 only requires the feedback of one of two values (Lc, for Further., note that the 

20 conventions tn Equations 2 and 3 depict binary values, while one skilled in the art should appreciate that 
for the case of a binary f\ an actual value of -1 is provided on the physical feedback charm*], while for 
the case of a binary 1, an actual value of +1 is provided on the physical feedback channel. Finally, the 
prior art manner for selecting the value of w^n), that is, between binary 0 and 1, is discussed below. 

The prior art mode 1 determination of wj/t) is better appreciated from the expanded illustration 
25 of Figure 2, where certain blocks of user station 14 from figure 1 are further availed Looking to 
Figure 2, it again illustrates antenna A14 t providing signals to despreader 22. Despreader 22 is 
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expanded in Figure 2 to fllusiraie that it includes a despreading and resolve Truiitipatb block 40. Block 
40 despreads the incoming signals from two different channels, thai is, recall it was earlier mtmduccd 
that desprcadcr 22 operates with respect to different channels of irjformauon as received by antenna 
A14u these different channels are now illustrated in Figure 2 as a primary common control physical 
5 channel f PCCPCrt*) and a dedicated physical channel ("DPCrT*). According io the prior art, the 
PCCPCH k transmitted by base Station 12 a* the tame charmed to all u^r stations (i.e., user station 14 
and others cornmunkating with base station 12> and it is not weighted in response to w t (h) and w^n). 
The DPCH, however, is user station specific and it is weighted in response to ^(n) and M^(n). Both the 
FCCFCH and DPCH conimunicate in frame formats, where each frame includes a number of slots; for 
10 example, in WCDMA. each frame consists of 16 slots. Further u/ith respect to VCCVCH and DPCH, 
each slot of those channels commences with some pilot symbols and also includes information symbols. 
Given the preceding, block 40 operates with respect to each received slot and outputs both a DPCH 
symbol stream and FOCPCTH symbol stream, and the ftirther processing of those streams is discussed 
below. 

15 The DPCH symbol stream from block 40 a coupled to both an information symbol extractor 42 

and a pilot symbol extractor 44. Each of blocks 42 and 44 operates as suggested by their names, that is, 
to extract from the DPCH symbol stream the DPCH information symbols and the DPCH pilot symbols, 
respectively. For sake of reference in this document, the DPCH information symbols are represented by 
x(») while the DPCH pilot symbols are represented by y(«), where bold face is used as a convention for 
20 these and other values in this document to indicate that the value is a vector. The DPCH iirformation 
symbols x(n) are output from extractor 42 to MRC block 23, while the I>PCH pilot symbols y(n) arc 
output from extractor 44 to channel evaluaior 24. as further detailed later. 

Renjrning to despreading and resolve rnidu'path block 40 and its outpui of the PCCPCH symbol 
stream, that stream is coupled to a PCCPCH pilot symbol extractor 46. FCCFCH pilot symbol 
25 extractor 46 extracts the PCCPCH pOot symbols from the PCCPCH symbol stream. For sake of 
reference in this efceuxnent, the PCCPCH pilot symbols are represented by z(n> The PCCPCH pilot 
symbols 2(n) are output from extractor 46 to channel evaluate* 24, as further detailed below. 

Looking to channel evahiator 24 in Figure 2, it includes a channel measurement block 50 which 
receives the PCCPCH pilot symbols z(n) from extractor 46. Recalling that it was earlier stated that 
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channel evaluator 24 performs both a channel measurement and channel estimation based al least on the 
incoming dcsprcad data, it is now noted moie particularly that block 50 performs the channel 
measurement aspect Specifically, the PCCPCH pilot symbols are, according to the ait, different for 
each different transmit antenna for a base station; thus, in the present example, the extracted PCCPCH 
pilot symbols z(«) includes one set of pilot symbols corresponding to base station antenna A12, and 
another set of pilot symbols corresponding to base station antenna A12 2 . Since the values of the pilot 
symbols as ttansnutted by base station 12 are by definition a known value to user station 14, thai based 
on the difference between the actually received pflot symbols and the known transmitted pilot symbols, 
block 50 determines, for each transmit antenna, a channel measurement reflecting any change in the 
actually-received pilot symbols. For sake of reference in this document, the channel measurement 
corresponding to antenna A12j is indicated as rt^ and the channel measurement corresponding to 
antenna A12 7 is indicated as << 2 „ . Both*^ and arc output by channel measurement block 50 to 
a bcamfoTTncr coefficient computation bJock 52- 

Bea informer coefficient compulation block 52 computes phase difference values, denoted <^{n) 
and <fo(n), in response to the values ^ and oC ^ , where me values <fh(n) and as described below 
are the angular phase differences which are encoded into binary form to create the respective values of 
w t (n) and wtfn) (or just wfr) where w t (n) is a normalized value). Recall now that under mode 1 of the 
prior art, the value of w^n) may be only one of two states. Thus, block 52 maps the value of <* 2 to 
one of these two states, and this mapping function is ID. us ti a ted ptctnriatiy in Figure 3 by a graph 52g 
plotted aloug an imaginary and real axis. More particularly, graph 52g illustrates two shaded aieas 52,. 
and 52 2 corresponding to the two possible values of n^(/i), and those two values map to two 
coirespondiiuj values of Specifically, if the channel measLirement tf %jX Ln faUs within area 52i, 

then the value of is 0 degrees; further, this 0 degree value of fc(n) is output to a bearnibrmer 
coefficient binary encode block 54 which converts the angular value <fh(n) of 0 degrees into a 
corresponding binary value u^(«)=0, and the value of n^(n)=0 is fed back to base station 12. On the 
other hand, if the channel measurements £j* u falls wilhin area 52i, then the value of is x 
degrees; further, this n degree value of <pi(n) is output to beamfonner coefficient binary encode block 54 
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which converts the angular value <t>i(n) of n decrees into a corresponding binary value \vj(n)=l r and the 
value of h^/i)=1 is fed back to base station 12 

Attention is now directed to an additional aspect of the prior art mode 1. Specifically, note that 
while user station 14 transmits a value of w^n) to base station 12, there quite dearly can be effects 
imposed on that transoiisskm as well, that is, there is a channel effect in the feedback signal from user 
station 14 to base station 12. Afxordingjy, from the perspective of base station 12, let w 2 (n) represent 
the signal actually received by base station 12 and corresponding to the feedback transmission of h^/t) 
from user station 14. Next, feedback decode and process block 21 decodes and processes iv 2 (n) and in 
response outputs a corresponding value of H' iT (n) which is multipled by mulupl ier I82- As a result, 
while ideally base station 12 uses the correct value **z(n) upon which, to determine m^t(«) and to create a 
resulting product signal (i.e., HfcTv*0$)X tne feedback channel effect may cause base station 12 10 use a 
different value of h^(«). For example, user station 14 may transmit a value of u^«)=0 10 base station 
12, but due to the feedback channel the received value may be MJ^(n) « 1 . Conversely, user station 14 
may transmit a vahie of w^(#>)=l to base station 12 r but due to the feedback channel the received value 
may be ^ 2 («) = 0 . In view of these possibilities, user station 14, when operating under the prior art 
mode 1, further implements a process referred to in the art as beaniformer verification or antenna 
verification, as further detailed bdow. 

Beaniformer verification is further introduced by return to the expanded block diagram in 
Figure 2. Specifically, recall it is slated above that the DPCH pilot symbols y(n) are output from 
extractor 44 to chanoei evaluator 24, and recall also that the DPCH pilot symbols have been modified by 
base station 12 in response to ^\,r(p) and h^t(/j). Further, and as now discussed and as shown in Figure. 
2, the DPCH pilot symbols y(n) are connected to a channel estimation and bcamforincr verification 
block 56. Block 56 also receives as inputs the channel measurement values t^, „ and o< ^ from channel 

measurement block 50 and the phase difference vakies and from bearoformer coefficient 

computation block 52. In response to its inputs, block 56 outputs the channel estimation, introduced 
earlier as h w , to MRC block 23, but in doing so the bearnformer verification process attempts 10 ensure 
that n ^ is correctly estimated in view of previously fed back beamfoirner coefficients- Specifically, note 
that h n may be defined according to the following Equation 4: 
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K ta * M ^ T («) ^^(n) Equation 4 

Thus, Equation 4 indicates mathematically that the overall change (Le,, the channel estBiiauoa b„ ) in a 
signal received by user station 14 should be reflected by both the channel measurement factors <A lfl and 
at v as well as the weight factors w^jQi) and wn-OO that were multiplied by base station 12 against the 
5 signal before it was transmitted by base station 12 to user station 14. Thus, beamforfner verification is a 
process by which user station 14 atternpts to ascertain w^n) and Wxt<*) as used by base station 12, and 
those values may then be used to determine , 

Equation 4 also demonstrates that, in one approach, the channel estimation, b„ , could be a 
direct calculation because block 56 receives the channel measurement vajues u and <* 2jI and if it is 

10 assumed that w^n) and v^r<rt) could be identified from the phase difference values <f\(n) and from 
teamforrncr coefficient computation block 52. However, because base station 12 responds to h> 2 (/i) 
rather than wtfri), then beamformcr verification is a process by which user station 14 attempts to predict 
what value of w 2 (n) was received by base siation 12 and that predicted value may then be used to 
identify the counterpart w^n) in Equation 4 to deterrnine h a . To further appreciate this concept, 

15 beamforrner verification also may be understood in connection with an example. Thus, suppose for a 
slot n=l, user station 14 transmits a feedback value of u/j(l) to base siation 12; in response; base station 
12 receives a value, >v a (l) , block 21 produces a corresponding value wrKl), and a produci v»*2,t{1>^ is 
formed and transmitted next to user station 14. Under beamforrner verification as used in the prior art 
mode 1, user station 14 receives the signal h^t<1>S. and from thai signal it attempts to determine what 

20 value of W'rr<l) was actually used by base station 12 in its corresponding transmission, and this attempt 
is achieved by block 56 using a methodology referred to as hypothesis testing. This determined value, 
rather than the actual value m^I) which was fed bade by user station 14, is then used by block 56 to 
determine h„ f and that value of h„ is used by MRC block 23 for further signal processing. 

Concluding the discussion of the prior art mode 1. note that its use of only two possible data 
25 values for yvfr), in combination with the operations relating to hypothesis testing, have yielded a 
workable error rate at a reasonable level of peiformance speed Indeed, relative to prior art modes 2 and 
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3 described below, the feedback delay of prior art mode I is relatively small, and a certain level of 
performance is achieved given this reduced delay. However, the resulting resolution obtained in response 
to Ite 2-statc level of quantization of mode 1 is relatively low as compared iu prior an modes 2 and 3 as 
further discussed below. 

Looking to the prior art mode 2 of operation from Table 1, it is used for relatively mid- level 
Doppler fading rates, such as would be expected when a particular mobile user station 14 with which 
base station 12 is communicating is moving at a lesser rate of speed than for the case of a mode 1 
communication. Mode 2 again uses the convention of Equation 1 and normalizes (and thereby its 

counterpart but added resolution is obtained in the computation of <fa(ri) and h^(/j) by beamformer 

coefficient computation block 52. SpeciffcaUy, block 52 in mode 2 applies a 45 degree constellation 
rotation per slot to die 2-value bearnforuiei coefficient, that is. for each successive slot, *fa{n) and w^/i) 
are determined based on a 45 degree rotation relative to the preceding slot; particularly, since a total of 
four such rotations corresponds to 180 degrees, then under the 45 degree constellation rotation the slots 
are generally analyzed by user station 14 by adding a 45 degree rotation to each successive slot in each 
succession of four slots. This rotation is achieved at user station 24 by determining the value of fofii) 
and h^/i) in part based on the rime slot in which the sic* at issue was received and then choosing the 
value of w^ 1 ) with respect to the rotation to be applied to the given slot for a group i of four slots. This 
rotation is explored immediately below in connection with the foUowing Tabic 2 and is also depicted 
pictorially in Figure 4. 
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Table 2 



Looking to Table 2 and Figure 4, for a first slot 4i in a gioup I of four slots, the values of <pz(n) 
and u^(/r), as determined by beamformer coefficient computation block 52 in user station 14, are based 
on a rotation of zero degrees, as shown in graph 60 and as represented by iis axis 60u which is not 
rotated relative to the vertical imaginary axis. More particularly, graph 60 illustrates two shaded areas 
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60, and 60i where if the channel measurement (rt J^ot^ from channel measurement block 50 falls 
within area tiO h then block 52 computes the value of ^(4*) to be U degrees and this value is encoded to a 
corresponding: binary form w^iyzO by encode block 54 and is fed back lo base station 12; conversely, if 
the channel measurement <* ^ falls within area 60^ then block 52 computes the value of <fc{4i) to be 
n degrees and this value is encoded to a corresponding binary form ^4^=1 by block 54 and is fed back 
to base station 12 Further, Table 2 as well as the location of points on graph 60 illustrate the phase 
rotation that is implemented by base station 12 in response to the values of vv 2 (4i) . Specifically, if base 
station 12 receives a value of equal to 0. then feedback decode and process block of base station 

12 treats the channel measurement phase change for slot 4j as 0 degrees; however, if base station 12 
receives a value of # 2 (4j) equal to 1, then base station 12 treats the channel measurement phase change 
for slot 4/ as equal to x degrees. 

Table 2 and Figure 4 also illustrate the remaining three slots in group r, where comparable 
reference numbers are used in Figure 4 such that graph 62 corresponds to stot 4/ 4-1 and represents a 
rotation equal to ji/4 degrees, graph 64 corresponds to slot 4t +2 and represents a rotation equal to k/2 
degrees, and graph 66 corresponds to slot 4i +3 and represents a rotation equal to 3n/4 degrees. Thus, 
looking to graph 62 as another example, its axis 62„ depicts the rotation of n/4 degrees relative to the 
vertical imaginary axis as used for slot 4r+l . Further, graph 62 illustrates two shaded areas 62 L and 62- 
where if the channel measurement <* determined by block 50 of user station 14 falls within area 

62 1t then the value of &(4i*+l) is jt/4 degrees and a corresponding binary value for w 2 (**+ 1) equal to 0 is 
produced and fed back to base station 12, whereas if the channel measurement £p^ n falls within area 
62* then the value of #z(4«+l) is -3ji/4 degrees and a corresponding binary value for >Vz(4«-l) equal to 1 
is produced and fed back to base station 12. Further, Table 2 as well as the location of points on graph 
62 illustrate the phase rotation that is implemented by base station 12 in response to the values of 
w 2 (4/ 4- 1) . Specifically for slot 4/4-1, if base station 12 receives a value of »v 2 (4z 4- 1) equal to 0, then 
feedback decode and process block of base station 12 treats the channel estimation phase change for slot 
4/+1 as rc/4 degrees; however, if base station 12 receives a value of w 2 (4i + 1) equal to 1, then base 
station 12 treats the channel estimation phase change for slot 4/+1 as equal to -oit/A degrees. Given this 
second example as well as the preceding example described above, one skilled in the art should readily 
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appreciate the remaining values and illustrations in Table 2 and Figure 4 as applied *o the value of (j>^n) 
by user station 14 and the conversion of that value to h^h) as well as the interpretation of the value of 
m/ 2 (/j) by feedback decode and process block of base station 12 according to mode 2 in the prior art. 

Attention is now directed to an additional aspect of the prior art mode 2 processing in response 
5 to H^(n) transmitted by user station 14. First, recalling the convention introduced above with respect lo 
mode 1, from the perspective of base station 12, *v 2 (ti) represents the signal actually received by base 
station 12 and corresponding to the feedback transmission of w^n) from user station 14. Second, note 
now that feedback decode and process block 21 during ihe prior art mode 2 actually uses an averaging 
filter to determine the value of n^n) for each received value of w z (/i) . Specifically, block 21 
10 calculates an average over four values of yvz (or i£ 2 , from the perspective of base station 12), so that the 
result is w^n) and is defined by the following Equation 5: 



(n) = ^ 4! > * "*< 4 ' - 1 ) * W ^ 4i ~ 2 > + W *<V ~ 3 > Equation 



4 



The indication of »v 2 (4f) in Equation 5 is to depict the most recent bearnformer coefficient received by 
base station 12 via the feedback channel, and thus the remaining three addends in Equation 5 are based 
15 on the three other bearnformer coefficients preceding dial most recent coefficient. These four values are 
averaged (i.e., divided by 4), and in the prior art mode 2 of operation, base station 12 multiplies the 
result, K^r(rt), times the signal from second output 18 2 connected to multiplier 20 2 . hvt{h)> however, is 
simply the counterpart to the normalized value ^(n), and base station 12 multiplies it times the signal 
from first output 18j, connected to multiplier 20i. 

20 Given the preceding, one skilled in Ihe art will appreciate thai the prior art mode 2 also 

implements the feerfoack of one of two values (i.e., for w^p)). However, given the additional use of 
phase rotation, greater beamforrncr resolution is achieved relative to prior art mode 1. In other words, 
while M^(n) for any given slot may only lake one of two values as in the case of the prior an mode 1, the 
use of 45 degree rotation over four slots creates an effective constellation of eight possible values (Le_, 2 

25 values/slot * 4 slots/rotation cycle = 8 values). However, note that the prior art mode 2 does not use any 
type of bearnformer verification which is used by prior art mode 1; indeed, the present inventors have 
observed that bearnformer verification may not be feasible for the prior art mode 2 because it could add, 
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in combination with the four-cycle 45 degree rotation* an unworkable amount of complexity. Further, 
with phase rotation and averaging, the better resolution of the prior art mode 2 is offset in part by an 
increased overall dday relalrve to prior art mode 1. 

Looking to the prior an mode 3 of operation from Table 1, it is appreciated as used for Doppler 
fading rates that are relatively low as compared to prior art modes I and 2» where the mode 3 lading 
rates would he expected when mobile user station 14 is moving at a relatively low rate of speed Given 
the lower speed of user station 14, additional time is available for additional levels of processing, as is 
implemented in the prior art mode 3. Specifically, mode 3 increases its quantization for the bea informer 
coefficients, but the increase is not achieved based on rotation as shown in Figure 2 for the prior art 
mode 2. Instead, the prior art mode 3 feeds back a total of four bits of information, where one bit is 
intended as an amplitude correction bit while the remaining three bits are to correct for phase shifts. 

Having discussed closed loop transmit antenna diversity system 10 as it may implement (he 
prior art, the attention is now directed to an imp lemenm Lion of the preferred embodiment into system 10. 
By way of overview to the preferred embodiment, it contemplates various alternative aspects versus 
those discussed above, First, in the preferred embodiment prior art modes 1 and 2 are eliminated and 
replaced by a single mode of operation; because this single mode of operation spans the entire Doppler 
fading range of prior an modes 1 and 2, it is hereafter referred to as the broad range closed loop mode. 
Thus, the broad range closed loop mode may be combined with the prior art mode 3 of operation to 
accommodate the entire anticipated range of Doppler frequencies for closed loop corrimuruca lions. 
Second, with respect to the broad range closed loop mode, in addition to providing one mode in pjace of 
two prior art modes, it includes additional aspects that distinguish it further from the prior art. One such 
aspect is the use of a two phase rotation for determining beamformer coefficients. Another aspect is the 
use of bcamf ormer verification, implemented using one of two different alternatives, in the same mode 
that implements phase rotation for determining beamformer coefficients. Each of these points should be 
further appreciated by one skilled in the art given the remaining teachings of this document. 

The use of a two phase rotation for deterrnining beamfonneT coefficients according to the broad 
range closed loop mode is now described The broad range closed loop mode uses the earlier convention 
from Equation 1 and normalizes the value Wt(/i) as detailed later, and also thereby rionnalizes its phase 
difference counterpart, however, in the preferred embodimenT an overall resolution differing from 
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the pnor art modes 1 and 2 is obtained in the computation of fafa) and w^n) by beaniformer coefficient 
computation block 52. Specifically, block 52 in the broad lange closed loop mode applies a 90 degree 
constellation rotation per slot to the 2-value beamformer coefficient- Accordingly, for each successive 
slot *, n+l, *+2, and so forth, +£n) and v^(*) are determined based on a 90 degree rotation relative to 
the preceding stot Since a total of two such rotations correspond to 180 degrees, then under the 90 
decree constellation rotation the slots are generaUy analyzed by user station 14 by adding a 90 degree 
rotation to each successive slot. This rotation is achieved at user station 14 by determining the value of 
<h(n) in part based on the time slot in which the slot at issue was received and then choosing the value of 
M n ) wiln respect to the rotation to be applied to the given slot for a group £ of two slots. This rotation is 
explored Hnmedhately below in connection with the following Table 3 and is also depicted pictoriaJly in 
Figure 5, and recall also that these operations may be tmplemented within system 10 shown in Figure 1 
to thereby create the preferred embodiment 
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Table 3 

Looking to Table 3 and Figure 5, for a fust slot 2i in a group i of two slots, the value of <fc(2/), 
as deterrruned by beamformcr coefficient computation block 52 in user station 14, is based on a rotation 
of zero degrees as shown in graph 70 and as represented by its axis 70„ which is not rotated relative to 
the vertical imaginary axis More particularly, graph 70 illustrates two shaded areas 70! and 702, where 
if the channel measurement ^ from block 50 falls within area 70^ then block 52 computes the 
value of fc(2r) to be 0 degrees and this value is encoded by encode block 54 to produce a binary 
counterpart of w^lPpQ which is fed back to base station 12; conversely, if the channel measurement 
Z&h* faUs area 70* <hen block 52 computes the value of &(2f) to be n degrees and this value 

is encoded by block 54 to produce a binary counterpart of w 2 (2i~)=l which is fed back to base station 12. 
Further, Table 3 as well as the location or points on graph 70 illustrate the phase rotation thai is 
implemented by base station 12 in response to the possible values of £ 2 (2<) . Specifically, if base 
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station 12 receives a value of * 2 (2i) = 0, ihen feedback decode and process block of base station 12 
treats the channel measurement phase change for slot 2i as 0 degrees; however, if base station 12 
receives a value of w 2 (2i) -1, then base station 12 treats the channel measurement phase change for 
slot 2/ as equal to n degrees. 

Tabic 3 and Figure 5 also fllustrate that for a second slot, 2T+1, tn the group i of two slots, the 
value of ftp**!), as dc4er™ncd by beamformer coefficient compulation blocJc 52 in user station 14, is 
based on a 90 degree rotation as shown in graph 72 and as represented by its axis 72« which is rotated 
90 degrees relative to the vertical imaginary axis. Graph 72 illustrates two shaded areas 72, and 72 2 , 
where if the channel measurement ^ from block 50 falls within area 72,, then block 52 computes 
me value of ^(2/+l) to be n/2 degrees and this value is encoded by encode block 54 inlo a binary 
counterpart h^2M) equal to 0 which is fed back to base station 12; conversely, if ihe channel 
measurement *£,c* tj , falls within area 72^, then block 52 computes the value of &(2i+l) to be -rc/2 
degrees and this value is encoded by block 54 into a binary counterpart h^h-I) equal to 1 which is fed 
back to base station 12. Further, Table 3 as well as the locaiion of points on graph 72 illustrate the 
15 phase rotation that is implemented by base station 12 in response to the values of vv 2 (2t+l). 
Specifically, if base station 12 receives a value of vv 2 (2i + l) equal to 0, then feedback decode and 
process block of base station 12 treats the channel measurement phase change for slot 2/4 1 as x/2 
degrees; however, if base station 12 receives a value of iv 2 (2i + 1) equal to 1, then base station 12 treats 
the channel measurement phase change for slot 2i as equal to -n/2 degrees. 

20 preceding operations of the broad range closed loop mode to determine the value of w^n) 

also may be represented mathematically by relating to the actual phase difference value fan) from Table 
3 (i.e., one of the values 0, it, m/2, or -jt/2> In this case, then in the preferred embodiment and for a slot 
«, <ffn) is chosen to maximize me instantaneous power, P{n), defined according to the following jEquation 

6: 



10 



25 



P{n) -K"*W+<*^2(»t -~(KJ 2 +Kf *2xreai fc*^^ Equation6 



22 



*(55)J 001- 1 27675 (P2001-12767 

TI-29547 

PATENT 



Equation 6 implements various conveniens which are now defined for clarity. First, rcal<*} denotes the 
real portion of a complex number x. Second, the superset of "»« denotes the conjugate of a matrixor 
vector transpose Finally. ffv| denotes the Euclidean norm of vector v. 

Further in the preferred embodiment, and as may be seen from Equation 6, the maximum of the 
5 instantaneous power, occurs where <fe(„) is at such a value so as to maximize the term from 
Equation 6 of real fe^e*^ jwith e-fo,*} when n is and £ {* * /2 } when „ is 
odd Thus, under the preferred embodiment, the value of &(„) may be selected to be of two values, for 
either n being odd or even, by reference only to the term real fcc v ^ j as is achieved by the block 
diagram in Figure 6. Specifically.. Figure 6 illustrates a block diagram which achieves this result and 
10 that combines bcamformcr coefficient compulation block 52 and bearafomter coefficient binary encode 
block 54 Figure 2; further, for sake of reference, the combined block of Figure 6 is hereafter 
referred to as block 52/54. The blocks are combined because the diagram in Figure 6 both implements 
the determination of the phase difference represented in Equation 6 above and also encodes that 
difference into binary form, that is, into the corresponding value of ^(n). Lastly, by way of contrast, 
15 note that one approach in the prior art to computing a phase difference to maximize instantaneous power 
is achieved simply by a look-up table, but as will be appreciated below the preferred embodiment 
provides a less complex alternative to such an approach. 

Looking to Figure 6, the values ^ and of ^ from channel measurement block 50 are input to 
the combined block 52/54. Specifically, these values are coupled to inputs 80, and 80, of a complex dot 
>0 product block 80. Block 80 represents the fimction of determining the complex dot product of the values 
provided at its inputs 80, and 802. Thus, for the instance shown in Figure 6, this product is as shown at 
theoutput 80, of block 80, and is also shown in the following Equation 7: 

output 80 3 Equation 7 

Thus, block 80, as also shown by Equation 7, yields the product of the first two multip! icands in the term 
5 real feo^e 7 *™ Jfrom Equation 6. 
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The dot product output from complex dot product block 80 is coupled to an alternating switch 
82. Switch 82 toggles to a flrsi position for one slot, and then to a second position for the next slot; 
specifically, for a first slot 2i in a group of I slots, switch 82 connects the output of complex dot product 
block 80 to a real component extraction block 84 and so that for a second slot 2/+1 in the group 0 f i 
5 slots, switch 82 cormects die output or complex clot product block 80 to an imaginary component 
extraction block 86. 

Real component extraction block 84 operates to select and output only the real portion of the 
value provided at its input, and conversely, imaginary component extraction block 86 outputs only the 
imaginary portion of the value provided at its input The output of real component extraction block 84 is 

10 coupled to a decision block 88 which also may be a comparator or comparing function, where il the real 
component from block 84 is greater than or equal to zero, then a block 90 is reached, while in contrast if 
the real component from block 84 is less than zero, then a block 92 is reached. The output of imaginary 
component extraction block 86 is coupled to a decision block 94 which may be a comparator or 
comparing function, where if the imaginary component from block 86 is Jess than or equal to zero, then a 

15 block 96 is reached, while in contrast if the imaginary- component from block 86 is greater than zero, 
then a block 98 is reached. - 

The ultimate results produced by the operation of block 50/52 may be appreciated by one 
skilled in the art given the assignment of values shown in Figure 6 in blocks 90, 92, 96 and 98. For a 
slot *=2£, it is shown later that decision block 88 directs the flow to either block 90 or block 92 based on 
20 «« rr*xirnizatkm of the term real ^X^ W j^ Equation 6 for 4»(Ji)e{a*}. and each of 
those two blocks 90 and 92 assigns to fc<«) one of the two different values shown in Table 3 for n=1i 
(U, 0 or 7i, respectively). Block 90 and block 92 also encode the value assigned to (fan) into a 
correspond^ binary counterpart *s(/r), as also shown in Table 3. Also, for a slot «=2/+l, it is shown 
later that decision block 94 directs the flow to either block 96 or block 98 based on the maximization of 
25 the term real fc^^^ jfrom Equation 6 for <fc<*)<E {t*/2} F and each of those two blocks 96 
and 98 assigns to one of the two different values shovw in T^ble 3 for n=2i+l (Le. ? ?c/2 or -n/2, 

respectively. Block 96 and block 98 also encode the value assigned to into a corresponding binary 
counterpart ma(«), as also shown in Table 3. Finally, note that the assigned values from any of blocks 
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90, 92, 96, and 98 arc provided to the blocks shown in Figure 2, that is, the value of is fed back to 
base station 12 while the value of fr(n) is coupled to beamformer verification block 56. 

An additional appreciation of the operation of block 50/52 with respect to the extraction of a 
real component by block 84 is now explored in still further detail, and from this discussion one skilled in 
5 the an should appreciate the additional benefits realized by the particular implementation of Figure 6. 
Generally, real component extraction block 84, in combination with decision block 88, determine; the 
value of M) that maximizes instantaneous power, i>(„> by taking advantage of cenain complex 
arithmetic identities. In operating in this fashion, these blocks provide an architecture requiring less 
complexity than other computational or storage- intense techniques. Blocks 84 and 88 deal with the 
10 case where &(n)€E {CU>. Looking further at the implications of thee two values for note that 
wilh respect to the final multiplicand in the real portion of Equation 6 they produce the results shown in 
Equations 8 and 9: 

= 1 Equation 8 



Equation 9 



15 From Equations 8 and 9, it should be appreciated that to maximize P(n\ the value of must be such 
that the result of real Jb positive. For example, if real ] is a positive value, 

then as between the two multiplicands Horn Equations 8 and 9, P{n) would be maximized by multiplying 
it times the resulting multiplicand of 1 from Equation 8, and indeed decision block 88 passes How to 
block 90 in this case to thereby assign the value of 0 degrees to because that value therefore 

20 maximizes P(n). As another example, if real jfi.*^ ] is a negative value, then P(ri) would be 
maximized by multiplying it limes the resulting multiplicand of -1 from Equation 9 to form a positive 
value product, and indeed decision block 88 passes How to block 92 in this case to thereby assign the 
value of Ji degrees to £(«) because that value therefore maximizes />(»). In either case, therefore, blocks 
88, 90, and 92 yield this determination without requiring the additional convexity of having to perform 
25 an actual multiplication times e* 6 . 
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An additional appreciation of the operation of block 50/52 with respect to the extraction of an 
imaginary component by block 86 is also now explored in still further detail, and from this discussion 
one skilled in the art should appreciate the additional benefits realized by the particular irr^lcmcntaCion 
of Figure 6. Imaginary comrjonent extraction block 86 operates in combination with decision block 94, 
5 again to determine the value of ^n) that maximizes instantaneous power, P<n), and also by taking 
advantage of certain complex arithmetic identities. Once more, therefore, an enibodiirjent is provided 
that requires less complexity than other more computational or storage-intensive techniques. Blocks 86 
and 94 deal with the case where ^(n)^{jz -/r/2 }. Looking farther at the impJicarions of these 
two\alues for <fc(n\ note that witn respect to the final multiplicand In mereal portion or Equal /on 

10 6 they produce the following results shown in Equal ions 10 and 1 1 : 

e**** ° j Equation 10 

e*" /2 >=-j Equation 11 

Both Equations 10 and 11 produce uroginary results, and it is observed in connection with the preferred 
emt>odirnem that these results, if multiplied times the real value in JEquation 6, would have a sign- 
15 detectable effect on the imaginary portion of the result, as further appreciated from the following 
complex arithmetic principles. Again, to maximize P(n\ the value of must be such that the result 
of real ^ n ^^ M ^\ is positive. However, in the case for slot 2/+ 1 where ^ 2 (n)e{/r/2,- it (2 }, 
and as shown in Equalions 10 and 11, the value real {^oC^y*™ j includes the dot product from 
block 80 and multiplied rimes either /or-/. Further, the following Equations 12 through 15 demonstrate 
20 additional complex ariihmetic principles that facilitate an understanding of blocks 86 and 94, where v 
and y are complex numbers and are multiplied times either / or-/ as shown: 

v (/) " ( a + A>XJ) = a/ + A - a; - b Equation 12 

v (-i) ~ ( a * - -*J ~ / 2 b - -a/ f b Equation 13 

y(J) " ( c - / d )i ~ c J~f d - <?" + d Equation 14 
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Y(-f) - (c - = -c/ + /d - -cj - d Equation 15 

Given the preceding, and again with the gpa) of maximizing Equations 12 through 15 demonstrate 
the following observations. Equation 13 versus Equation 12 demonstrates a Jaiger real portion in the 
Equation 13 complex number product (i.e., b versus -b, making b the maximum of the two}, and tie two 
5 Equations further demonstrate that to achieve the result having a larger real portion, for a complex 
number with a positive imaginary value (ie_, b), then the complex number must be multiplied times -j. 
Thus, in the context of Figure 6, if the complex dot product from block 80 has a positive imaginary 
value (which is extracted by block 86), then the product real fe^*** 0 J is maximized when 
multiplied lime which occurs when <ftfny -n/2; indeed decision block 94 passes flow to block 98 in 
10 this case to thereby assign the value of -a/2 degrees to <pjn\ Corrversdy, Equation 14 versus Equation 
15 demonstrates a larger real portion in the Equation 14 complex number product (i,e., d versus -d), and 
the two Equations further demonstrate that to achieve this maximum result, for a complex number with a 
negative imaginary value (i.e., d), then the complex number must be multiplied times / Thus, in the 
contexi of Figure 6, if the complex dot product from block: 80 has a negative or zero imaginary value 
(which is extracted by block 86), then the product real ^£o< ^ ) is maximized when multiplied 
times I which occurs when <fc(n)= n/2; indeed decision block 94 passes flow to block 96 in this case to 
thereby assign the value of n/2 degrees to m either event, therefore, a proper value of <j>£ n ) is 

assigned to maximize P(n), and again without requiring the additional complexity of having to perform 
an actual multiplication times e? B . 

Rerurniiig now to base station 12, a further discussion is provided of the broad range closed 
loop mode in response to a closed loop value (or values) fed back from user station 14. Recall first the 
arxove^mrroduced oDrrventions, that is, user station 14 feeds back the value of w£n) (and ^(n) if it is not 
iiorralLzcd), bljt fed back value undergoes the channel effects in the feedback channel so that the 
corresrx>nding value actually received by base station 12 is designated n 2 (n). Given this value, 
feedback decode a ad process block 21 provides a two step operation, and for sake of simplification each 
of these steps £s discussed separately below. 
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As a first operation of block 21 and in response to ^ 2 (n) y block 21 determines an actual phase 
difference, designated as <f>n(n), corresponding to w 2 (n) ; this determination k achieved by the mapping 
of Table 3. In other words, if for slot n=2i, w 2 (2t) equals a binary value of 0, then block 21 determines 
that £>T<2i) equals 0 degrees, whereas if w 2 (2i) equals a binary value of 1, then Nock 21 determines 
5 that £rr(2/) equals n degrees. AdcHtionaUv, if for slot n=2/+l. w 2 (2/ + 1) equals a binary value of 0, 
then blocJc21 determines that ^(lUT) equals ji/2 degrees, whereas if w 2 (2/ + 1) equals a binary value 
of 1, then block 21 determines that <pn(2i+l) equals -ji/2 degrees, 

A second operation of block 21 is in response to the determined value of <f>n(n) described 
immediately above. Specifically, having received the value Mn% block 21 dctcrTnines the actual 
10 multiplicands to be used multipliers 20i and 20 2 . Recalling that w LT (/j) is normalized, in the preferred 
emrxxUrnent hs actual normalized value as to be used by multiplier is as set forth in the following 
Equation 16: 

1 

W \T (*) - ^ Equation 1 6 

Of course, since the Equation 16 value is constant, it may be provided only once by calculation or, 
15 indeed, it may be fixed in some storage element ot the like Looking to h^ai), however, it is based on 
the actual value of ^t<«) as determined above by block 21; moreover, in die preferred embodiment, ihe 
value of >v 1T (/i) is based on an average of two received values of ^ T corresponding to two successive 
slots, that is, with respect to <fci(n) and #vr{*-l), as further set forth in the following Equation 17: 

"V("> a \ ^ M + e*»<~ l >) Equation 17 

20 Indeed, the two-slot averaging approach represented by Equation 17 dernojistrates that the preferred 
embodiment reduces computational complexity and delay of the four-slot averaging approach 
iuiplemented in connection with the prior art (eg., Equation 5). Further, for purposes of analysis and 
discussion, the two addends within parenthesis of Equation 17 repiesent an addition in the complex plane 



28 



10 



*(61)2 00 1 -127675 (P 2 0 0 1 - 1 2 7 6 7 5 A 

Tl-29547 v 

PATENT 

and, thus, the following term my be defined with respect to Equation 17 to introduce a related factor of 

W v >)-|^-) + c^O^^ Equations 

Thus, Equation 18 defines 0 7 <» as (he average of two received values of _& T corresponding to two 
5 sixxesarvc slots; further, because for a* even slot *, ^ T (»)e{o^r }, and for an odd slot n, 

^,t(")^|~,-^|, then the average between any one value from even slot n and an urirnediately 

preceding odd slot />~1 can lake only one of four values, that is, 6, J — , — y —1 

( 4 ' 4 7 4 ' 4 J 

Further, given the results of Equations 17 and 18, the values of u, ltr (n) and i^, T („) are used by 
multipliers 20, and 20*, respectively, thereby producing signals w UT {n)S; and h*^*)^ which are 
transmitted by antennae A12 x andAl^ lespectrvely, to user station 14. 



20 



With base station 12 having transmitted the signals >v 1?T (*)Si and ^n^j K> user station 14 and 
according to the preferred broad range closed loop mode, attention is now further directed to the 
preferred bcamformer verification by user station 14, as implemented in a preferred embodiment for 
channel estimation and bcamformer verification block 56. Recall from the earlier introduction of 
beainfonncr veriTieaiion that is arises from the recognition that a transmission by base station 12 may 
implement a weight value (e_g, ^r(n)) that is influenced by feedback channel effects, and bearnformer 
variation m general b an attempt by user station 14 to ascertain the actual weight value used by base 
station 1Z The ascertained value is then usable by user station 14 ro determine the value of to be 
used for maximal ratio combining in bloc* 23. Further, in the preferred ernbodirnent bearnformer 
verification may be irr^lernentcd using one of two djtfferent alternatives in the broad range closed loop 
mode. Each of these alternatives is discussed later. 

Figure 7 illustrates a block diagram of channel estimation and bearnformer verification block 56 
in greater detail, and it is now explored further in connection with the preferred embodiment Recall 
from earlier that block 56 receives various inputs from other blocks in Figure 2, including the values of 
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the DPCH pilot symbols y(n) from pilot symbol extractor 44 and the phase difference values fa(n) and 
<h(*) from beamfurrner coefficient compucaiion block 52 {or just ^ 2 («) if ^(«) is normalized). As 
delated further in Figure 7, these inputs are coupled to a beamformer verification block 100. Further, 
block 56 also receives as inputs the channel mcasitfement values c*^ and o< 2 ^ from channel 
measurement block 50, where the value & ln is connected as an input to a first multi-slut averaging 
estimator 102 while the value o( ^ is connected as an input to a second multi-slot averaging estimator 
104. The outputs of estimators 102 and 104 provided estimates corresponding to the input values 
Mld * 2^ > for sake of convention these estimates are identified as * u and * 2/T . The estimates 
*m and « 2 ^are connected as input multiplicands to respective multipliers 106 and 108, and the 
estimate is also connected as an input to beamformer verification block 100. The output of 
beainforrner verification block 100 is the estimate by user station 14 of the value w^n) used by base 
station 12* and for sake of reference, this output is identified as ^(n) - The & also 

connected as a second input muftiplicand to multiplier 108, while the value of w lT (*) , shown in Figure 
7 as the constant from Equation 16, above, is connected as a second input multiplicand to multiplier 106. 
15 The product output of mulupliers 106 and 108 are coupled to a adder 1 10, and which has an output that 
provides h n to MRC block 23. Finally, the operation of channel estimation and beamformer 
verification block 56 is described below. 

Estimators 102 and 104 refine the channel measurements provided as inputs to those estimators. 
In the preferred ernbodimerit, each of estimators 102 and 104 computes a multi slot average of its inputs 
to provide what is anticipated as a more accurate estimate, thereby represented as <rf^ and . 
Preferably, the multi-slot averaging technique used is the Weighted Multi-Slot Averaging technique 
krKJwn in the art which averages six slots for low to moderate channel fading rate with the weighting 
[0.3, 0.8, 1, 1, 0.8, 0.3 J, and four slots for high fading rate with the weighting [0.6, \ 1, 0.6} 

To appreciate the operation of the remaining blocks and items in block 56, first Equations 16 
25 and 18 arc substituted into Equation 4 to define the channel estimation in the form of the following 
Equation 19: 
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K~^K Equations 

Given Equation 19, the values therein for tf x „ and t* z „ may be satisfied using the refined 
estimates, * ln and from estimators 102 and 104, respectively. The operation of block 56 also 
endeavors to determine d r (n) to complete the determination of h. , and in the preferred embodiment 
this operation is achieved by beamformer verification block 100 in response to the value of the DPCH 
pilot symbols, y(*> First in this regard, note that in the preferred embodiment the pilot symbols, which 
recall differ for each of the different transmit antennas A12 4 and Al^ are orthogonal with respect to one 
another. Second, in the preferred embodiment beamformer verification block 100 may operate in one of 
two different alternative methods for detenrumng S T (n) in response to the orthogonal DPCH pilot 
symbols. Generally introducing these two alternatives, a first may be referred to as a two rotating 
hypothesis testing method, while a second may be referred to as a four hypothesis single shot testing 
method Each alternative is separately discussed below. 

Since both preferred beannformer verification methods daerrnine 6 T (n) in response to the 
orthogonal DPCH pilot symbols, y(n> it "is noted that such syiubuls may be written according to the 
15 following Equation 20; 

y{n) = ^ $>i (*) + ^<->b 2 («)). xp{n) Equation 20 

In Equation 20, xp{n) is a zero mean complex Guassian noise factor with per component variance of 
<7 Z . Further, the vector b in Equation 20 is defined relative to ^ and <A 2>rt received by block 100 
from estimator 104, and it may be written as in the following Equation 21 : 
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Equation 21 



In Equation 21, {c4(l), . . d^fNy)} is the DPCH pilot pattern fur antenna K and jVyis the number of 
pilot symbols per slot. Further, while Equations 20 and 21 (and others) provide ideal solutions, in 
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providing a preferred embodiment implementation the estimate values may he used therein, such as 
through the use of ^ in place of its ideal counterpart . 

Finally, therefore, the beamformer verification is chosen by the preferred embodiment to 
maximize the aposteriori detecting probably, which as applied to Equation 21 may be represented 
5 generally by the foUovong Equation 22: 
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max 

me 



x{j2 x real ^« («)b 2 (,)^ } ^ (m ) ) Equatbn22 



where « is the indexing, M e {l, 2} is the index set of the allowable values, pt(m) is a threshold 
parameter depending upon m. For w=2i, <£< J > «0 and -jrr, and for n=2U\ 0< ! > and 

2 



Figure 8 illustrates a block diagram of a first implementation of a beamformer verification block 
100! that may be readily Implemented as beamformer verification block 100 from Figure 7, and which 
operates according to a two rotating hypothesis testing method detailed later. By way of introduction, 
block 100j provides an estimated value designated (n) y which relates as shown below to the value 
<f> im > in Equation 22. Further, the value of ^ T (n) is, in effect, a prediction by user station 14 of what 

15 was used by base station 12 for a given slot n as its value for w^(n) to weight its signal before it was 
transmitted to user station 14. 

Looking to Figure 8 in greater detail, it includes a vector formation block 112 that del ermines 
the vector elements of b^n) according to the product of each pilot data and the appropriate channel 
estimate ri A n as shown in Equation 21, but note with respect to the value ri^ n thaL block 112 actually 
uses the refined value, * 2jr , provided by multi-slot averaging estimator 104. The vector b^rt) 
deiermincd by block 112 is output as a multiplicand to an input 114i of a complex dot product block 
114, which receives at another input 114^ an additional multiplicand of the vector y(rr) from DPCH pilot 
symbol extractor 44. Block 114 represents the function of determining the complex dot product of the 
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**** * * ^ 1M , an, H4, Thus, for ^ ^ stewn fa Ff£we g> ^ ^ 

o««putll4 3 .^ (/j)l)2( „ ) " 

^ '** I14 ' 85 3,SO ^ by *• *** «* of the first two muIlipliauids m fc 

5 term real £ >)b, j &om g^.^ ^ 

11. preset output fro. complex lot p,oduc, block 134 is coup** to an alternating switch 
116. Swttch 116 toggles to a firs, position for the group of /stats, thereby connecting the 

output 114, of complex dot product Mode „ 4 to a reo, co„^ ail Wock ng> amJ ^ ^ 

toggles to a second position for the second slot 2*1, thereby connecting the output U4j of complex dot 
0 product block 1 16 to an imaginary component extraction block 120. 

Real component extraction block 118 operate to select and outpu, only the re,, portion of the 
valueptovided a, its input, and this real portion is provided as an addend to a first input 122, of an adder 
122, while the second input 122, of adder 122 receives a threshold value designated K _ from a 
■ uphold block 12*. The output 122, of adder 122 is connected to a dec.ion block 126 whkTmay be a 
comparator or comparing function, where if the sum from outpu, 122 3 is grater than or equal to 
then a block 128 is reached, while in contrast if the sum is less than zero, then a block 130 is reached.' 
Stocks 128 and 130 each assign a phase differs value to * iT <„) as shown in Figure 8 <i.e., 0 and *, 
respeaivdj). and that value is output to a two-slot averaging block 132. The output of two-slot 
averaging block 132 is the final value fr^) output by block 100, and is connected in Ac manner 
shown and described above relative to Figure 7. 

Imaginary component extraction block 120 operates to select and output only the imaginary 
portion of the value provided at its inpu., and this imaginary portion is provided as an addend to a firs, 
input 134, of an adder 134, while the second input 134, of adder 134 receives a threshold value 
designated ^ ficn threshold block 124. The outpu. 1343 of adder 134 is connected to a decision 
block 136 which may be a comparator or comparing fimaion, where if the sum from output 134, is las 
manor equal .O2ero, then a block 138 is reached, while in contrast if the sum fa great* than zero, then a 
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biXk * ' M B ^ 138 ^^eacha«i g n a p fia sed iffCT « 1 tva.ue,o^ TW as jhown fa 
Figure 8 (i.e., */2 or -*/2, respectively), and thai value is output to nvo-slor averaging block 132. 

Threshold block 124 provides the threshold values and Km » to .dders 122 and 134, 

respectively, as introduced above The lowing discussion explores the generation of these values 
while the effect in response to them is discussed later in the overall operation of block 100,. With respect 
to the generation of these values, note the lowing four observations. First, the subscripted identifiers 
of W and 'odd" for the threshold values corresponds to the slot being analyzed by block 100,, that is, 
whether the value of n is an ever, number (e.g., 2z) or the value of n is an odd number (e.g., 2*1). Thus, 
K — 15 dCtCrm ' nCd and ^ for sla ts where „ is an even number, and « ^ is determined and used for 
slots where n is an odd number. Second, recall that beamformer coefficient computation block 52 
provide the computed phase difference value ftp) to beamformer verification block 100, and which is 
shown as an input to threshold block 124 in Figure 8. to effect, therefore, threshold block 124 has a 
stored phase difference value corresponding to what user station 14 last fed back io base station 1Z 
Third, user station 14 includes any one or more of various algorithms known in the art whereby user 
station 14 will have some measure of feedback error rate as a measure between 0 and 1, and which in 
this document is represented as s (i.e., 5^(0,1 )). Fourth, as should be understood from the foUbwutg, 
is the apriori probability of occurrenae for e -{),*:} in view of <&„) from block 52, wide 

is the apriori probability of occurrence for h^„ e jy,^J in view of ^(n) from block 52. 

Given the preceding, and k M are determined by threshold block 124 according to the 

20 following Equations 24 and 25. 
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"2V2 ln/V "*^ J ^ 

Equation 24 

~ ln P~lU>z (n )) Equation 25 
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**m Equations 24 and 25 is- the estimate of noise variance o\ as defined above in connection with 
Equation 20. Further, the natural logarithms in Equations 24 and 25 arc based on the functions of 
P~W)) pjfiip)), respaaively, and those functions are defined according to Equation 16 
through 29, which how each function value is based on the vaiue of served by threshold block 
5 124frombIocfc52_ 

P — — • for ^<") » 0 Equation 26 

= I^7* f0r =jr Equation 27 

» — ^— ,fbr <p 7 (n) Equatioo2S 

S si 

P™u - 177' f ° r ~ 2~ Equation 29 

The overall operation of block 100 x is now explored GeneraUy, block 100, determines which 
of the four constellation values, that is, for an even slot n y $ XT (n)<E{o,n }, and for an odd slot n, 

^(">e|™,-^-|, produces the solution fo Equation 22, that is, the maximum value, and from 

Equation 2L it is readily appreciated that this maximum /dates to the dot product ot (1) the DPCH pilot 
symbols (i.e., y(/i)^ and (2) the product of the refined channel estimates (i.e., ^ , derived by averaging 
and in response to the PCOPCH pilot symbols) times the PCCPCH pilot symbols. The following 
operation of block 100,, and as appreciated given its comparable nature to some of the operation of 
Figure 6, exiracts real or imaginary portions of this dot product and determines for which value of &<Vi) 
a maximum would be obtained if that value were multiplied times the dot product As appreciated from 
the following operational description, however, this approach reduces theoveraJT arithmetic complexity 
by initially not treating the aspect that, as discussed above, when yvn<n) is determined by feedback 
decode and process block 21 according to the preferred embodiment, it is an average in response to two 
successive feedback values, as also shown in Equation 17. Given this introduction, the operation of 
switch 116 is such that for each even slot, that is, n as an even number (e.g., 2z> then only the two 
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coition values {0 , n} arc cohered, where for each odd slot, that is, „ as an odd number (eg., 
21+11 "** "** lhC ^ COQS,dJa,b11 valu « M considered. Further, some of the reduction 

in complexity is achieved using complex number principles described earlier in connection with Figure 6 
and, thus, the reader is assumed familiar with that discussion and it k no, repeated in constderabJe delafl 
5 in connection with Figure 8. 

The operation of real component enaction block lis of block 100, and .he response to its 
output is now described, and is sho™ lo determine an estimated value £ T („) tha, yields a maxtmum 
result for Equation 22. Real oomponent extraction block 118 and the blocks associated with its output 
deal with the case where n is even, and £ T («) e {o,^}. This extracted real portion is then suuur^t by 
10 adder 122 with a threshold from threshold block 124 of K _ because n is even, and from the previa 
Hussion of die calculation of one skilled in , be art should appreciate that is a non-zero 
number. This resulting sum is provided by output 122, to decision block 126. Decision block 126 
directs the flow in a manner that may be appreciated from the earlier discussion of Equations 8 and 9. 
Specifically, from Equations 8 and 9 it should be appreciated tha, the two alternatives to which block 
15 126 may direct the value of („) , namely, ^ ( „) _ 0 or ^ T („) = * , provide either a multiplicand 
of 1 or -1, respectively, for the term c »- in Equation 22. Thus, if the portion Of the product in Equation 
22 other than the term in real |* (n^y*** ), plus die threshold from block 124, is 

positive then a maximum of Equation 22 is realized if that sum is multiplied times the multiplicand of 1 
which corresponds to the case of j 1T (n) = 0, and this solution is realized when decision block 126 
20 detects mat real \) 17 {n)b ^n)\ is positive, and directs the flow to block 128 which thereby assigns a 
value of 0 degrees to ^ T (n) . Alternatively, if the ponton of the product in Equation 22 other than the 
term in real ^"(^b^y^ }, plus the K<m threshold from block 124, is negative, then a 

maximum of Equation 22 is realized if that remainder is multiplied times the multiplicand of -1 which 
corresponds to the case of (n) - n , and this solution is realized when decision block 126 detects that 
25 real -jy "(n)b 2 (n) J is negative and directs the flow to block 130 which thereby assigns a value of it 
degrees to ^ T (n) . From the preceding, one skilled in die art should appreciate that Equation 22 is 



36 



*(69)> 001-127675 (P 2 0 0 1 - ] 2 7 6 7 5 A) 

TI-29547 •" 

PATENT 

^ by 100 ' **» n is even, bu, w th te added aspect ,1,. the feedback error 

rate, s , also may determine in par, the toerrrunation of £ T W . Specifically as to the latter, one 
_ skilled i„ the art may confirm that when , is rdauvdy low then there . grcer likely that 
^ T («) will be assign* to be the same value of «„) as earlier determined by Wocfc 52, and provided 
5 by block 52 to block 100,. Finally, note also that Mocks 118, 126, 128. and 130 yield a solutiou to 
Equation 22 without requiring the additional complexity of haw to perform an actual multiplication 
times J* . 

The operation of imaginary component extraction block 120 and the response lo its output is 
now described, and it too determines a value of ^ T <„) that yields an estimated maximum result for 
10 Equation 22. Imaginary component extraction block 120 and the blocks associated with its output deal 
^thecasewit W :ni S odd.and < * 2>T (« > eJ'|,^|. The exacted imaginary portion is summed by 
adder 134 with a threshold from threshold block 124 of because n is odd, and k m , like K a „ , is 
also a non-zero number thai may shift (he extracted imaginary portion from block 120 in response to the 
sign and magnitude of k m . The resulting sum from adder 134 is provided by its output 134, to 
15 decision block 134, which directs the flow in a manner that may be appreciated from the earlier 
discussion of Equations 10 and 11. Specifically, from Equations 10 and 11 it should be appreciated that 
the two alternatives to which block 134 may direct (he value of ^.(h). namely, £, T {*)-| or 

hi {») — ~, provide either a multiplicand of j or -j. respectively, for the term e>*^ in Equation 22. 
Further, to maximize the term real |y >)b 2 („) ] from Equation 22 by multiplying times one of these 

20 multiplicands in terms of the term e f *" > , then for a complex number with a positive imaginary portion 
(extracted by block 120), then the complex number must be multiplied times -j. Thus, in the context of 
Figure 8, if the complex dot product from block 120. after surnming with the threslwld by adder 
134, has a positive imaginary portion, then the product real "|y y/ (n)b 2 (n)c ; ' i< "" j is rrHxirnized when 
<fc<»= -n/2, and indeed decision block 134 passes flow to block 140 in this case to thereby assign the 

25 value of -n/2 degrees to <p 3iT (n) . Conversely, for a complex number with a negative or zero imaginary 
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portion, then to maximize the number by multiplying times one of the multiplicands in terms of the term 
<r* the complex number must be multiplied times/ Thus, in the context of Figure 8, if the complex dot 
product from block 120. after summing with the threshold KaU fe y adder 134, has a negative o, zero 
imaginary value, then the product rear jy >)b 2 („>^ j is ™ ximized ^ Hn> ^ Jnd ^ 
decision block 134 passes flow to block 138 in this case to thereby assign the value of nJ2 degrees to 
^ T (") • Thus, the preceding demonstrates that Equation 22 is generally maximized by block 100i 

when* is odd, but again with the added ability to offset this detennma.ion in view of the relative value of 
the feedback error rate, e . 

tolud^g me discussion of block 100,, each value of <^ T (n) deterrnined by block 128 or 130 
for an even slot n ox by block 138 or block 140 for an odd slot „ is connected to an input Of tvw-slot 
averaging block 132. Block 132 operates to produce, as ils output value * 2>I (/i). the average of Ihe 
hvo most recently-raeived values of & T („) and ^ T ( n -1) , Accordingly, this averaging technique 
approximates the operation of base station 12 in that it averages in response to two successive 
beamformer coefficients as described earlier with respect to Equation 17. Further, with lespect 1o block 
100 b its operation has now shown why the preferred embodiment was introduced earlier to use a type of 
beamformer verification identified as two rotating hypothesis testing. Specifically from Figure 8, it may 
be seen that for each slot n, one of two hypotheses arc tested, that is. for an even slot «. the two 
hypotheses correspond to ^ T (n)e{o,7r }, and for an odd slot n, the two hypotheses correspond to 

^z.T<") e |Y'"2~j ' Further > testin 8 ^ »«* *° route in that it alternates between each set of two 
hypotheses according to whether n is odd or even. 

Figure 9 illustrates a block diagram of a second implementation of a beamformer verification 
block 100a that also may be implemented as beamfoimei verification block 100 &om Figure 7. Block 
10O 2 operates according to a four hypothesis single shot testing as apparent later and produces an 
estimated value designated w xr (p), which relates the value £?<"> in the following Equation 30, 

rnax^eal^"^^^^'^)-^^)) Equaubn30 
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where -is the indexing. M 6^2,3,4} is the index set of the allowable 8~ values, ^) * a 

threshold parameter depending upon m, and where fl» =£, „li ,9( 3 )_^E and 

4 4 4. 

0 W = ~ . Hock lOQj shares some components with block 100, of Figure 8 and described earlier, and 
for such components like reference numbers are carried forward from Figure 8 into Figure 9 ; thus, 
5 briefly addressing those items, they include the same input values y(n), ^ , and ^ and the vector 
formation Wock 132 that determines the vector elements of b^) « well as the complex dot product 
block 114 which produces the result shown above in Equation 23. The remaining aspects of block 100, 
differ in various mannas from block 100,, as further detailed below. 

The dot product from block 114 is connected via its output as a first multiplicand to four 
10 different multipliers 150, 152, 154, and 156. Further, each of multipliers 150, 152, 154. and 156 

receives a respective second multiplicand A , fi , , and /?. By way of emanation of these 
second multiplicands and introduction to the overall operation of block lOOj, block 100 2 more directly 
addresses the two-slot averaging performed by base station 12 described earlier with respect to Equation 
17 as compared to block 100, of Figure 8. Further, it was demonstrates above that given an average 
15 between even and odd slots, the constellation for 0< ra > is the four values in the set 
( jz 3x -3tt -Til 

I 4 * 4 ' ~4~ ' ~4~ f 35 a PP reciated below this entire constellation is considered by block 100, in one 

parallel operation The output of each of multipliers 150, 152, 154, and 156 is connected as an input to 
a respective one of real component extraction blocks 158, 160, 162, and 164, which extract the real 
portion of their input values and provide respective outputs as a first addend to a respective adder 166, 
20 168, 170 and 172. Each adder 166, 168, 170 and 172 also receives a second addend from a threshold 
block 174. 

Further with respect to threshold block 174, the value of &(n) from block 52 is input to an 
exponential calculation block 176 which determines and outputs the value e*><">. This output is 



connected to a two-slot averaging block 178 which therefore provides the output value - , n 
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response ,o mo success vaiue,,^,, ^ ^ . ^ ^ ^ ^ ^ ^ w 

block 174. Further, thread b,oc k 174, ^ lhredlold bfock 124 from ^ $ k ^ tQ 
*e feedback bit errors For block 100^ of Figure 9, however, since its determination relative to 
Equation 30 is .ore precise by cohering the four value Elation for #->, fheQ ^ „ ^ 
5 regard, the A*™** of the threshold from block 174 is more co^fe, SpatoHy, ^ho.db.ock 
174 determines the actual value of H m) from Equation 30, in re.poasc to e , ana based on the 
corresponding value of ${n) , as shown in the following Table 4: 



M«)--^lnp„(l9(«)) , m =1,2, 3, 4 
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4 
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e<l-e) 
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Table 4 



Further from Table 4, the appropriate value is determined based on m and is provided to the one of 
adders 166, 168, 170 and 172 corresponding to the same vaJue fur 6{n) . For example, for a given 

value of m and for 6(n) - ^ , the determined threshold, f i(tn) is provided to adder 166. In 



any event, 



eaeh value tfm) is summed with the corresponding outputs from real coniponent exiraciion blocks 158, 
160, 162, and 164. 
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The ou lput of each of adders 166, 168. 170 and 172 is conned as an input to . nttxrmurn 
detect™ and correlation circui, 180. As further detailed Wow, circuit 180 deterrmnes the largest of its 
four rnputs. and th<* seiecUi ^ vaJuc of ^ Itm roiTaaICS to ^ ^ ^ tf ^ 

n^imum input is from adder 165, then circuit 180 detects tha, value and corn*** the value of 
5 0(4 - £ to that maximum value. Similarly, therefore, one sktfled in the aft ^ appf€cia<e ^ 
comparable correlation by circuit 180 of 6(n) J± to a maximum value fro™ adder 168, or of 
e { n) ~«oa maximum value from adder 170, or of toa maxima value from adder 

172. In any event, a, c corrected value of is fficn 0u[put by block 100, as the value *„(„) . 

An additional defied explanation of the operation of bloclc 100, should not be necessary to 
10 facilitate the understanding of such operation by one .killed in the art given the many preceding 
discussions of comparable blocks, the operational description above of the various blocks within block 
100* and me tarn, in Equation 30. Briefly, therefore, the output of dot product bloclc 114 is multiplied 
times each possible value of 8(n) by multipliers 150, 152, 154, and 156, and the real portion of the 
result of each multiplication is extracted .hereby providing the term real {" {n^e 1 ** Jfrom Equation 
15 30. In addition, the operation of threshold adjustments by block 174 and the respective adders is 
comparable lo that described earlier with respect to bloclc 10O„ and is further shown in that Equation 30 
includes the added term of M (m) . lastly, bloclc 180 Selects the maximum solution, as k the goal of 
Equation 30. 



20 



25 



Concluding the discussion of block 100,. an embodiment is provided to solve Equation 30, but h 
is noted that it is relatively more comply than that of block 100, in Figure 8. For example, bloclc 100, 
requires four complex multiplications that are not required by block 100,. On the other hand, block 100, 
directly contemplates the effects of the two-slot averaging performed by base station 12 described earlier 
with respect to Equation 17. Thus, one skilled in the art may select between blocks 100, and 100, in 
view of these considerations as well as other design factors or criteria. Finally, with respect to block 
100, its operation has now shown why it was described before to operate as a four hypothesis single shot 
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four hypotheses correspond to the cases of &(n\=i— ~ ~ n \ 

From the above, n may be appreciated ^ a5oVc pmyi(}£ a ^ ^ ^ 

closed loop mode as a replacement to the prib, art .nodes 1 and 2. The prcfcjrcd broad range dosed 

' nUmef0lJS a<Kant2gCOUS - For — P'=> conation ronton per slot « bIcs w ^ n) 

to encompass a n effect conation of four posstblc values (Le, 2 values/slo, - 2 station cycle 
= 4 values), and thfe ^ conj^jon w,U, the sniuythi ng average filter result in an acceptable resolution 
along with the reductton of effective fee**** delay for tow ,o moderate channel fading rate. As another 
example, the bread ^ c closeu toop mode of the preferred embodiments has beCT simu.ated to provide 
results that march or exceed those of the prior art mode iand2.hu. the preferred embodunent use of a 
smgle mode i„ place of the ^ prior art modes diminates the need, and corresponding complexity and 
dday, associated with the prior art requirement of switching back and forth between modes 1 and Z As 
still another benefit, the preceding teachings may be applied to a base sratton with a number of antennas 
x greater than two antennas; in this case, again a first value may be normalized while user station 
14 determines the ^iucs of p („) for each of the other x antennas, and a corresponding weight is 
assigned to each of those values and fed back to the base station Again, the determination of f <„) 
would be made to maximize instantaneous power which may be derived as an extension of Equation 6. 
As yet another example, the preferred broad range closed loop mode may be combined with the prior art 
mode 3 ,o accommodate the Ml Doppler fading range in Table 1. As yet another example of the 
illustrated benefits, alternative methods for beamformer verification have been provided. As a final 
example, the present teachings may apply to systems other than CDMA, which by way of example could 
include time division multiple access (TDMA") and ortltogonai frequency division multiplex^ 
("OFDM"). Indeed, while the present enitodiments have been described in detail, various additional 
substitutions, modifications or alterations could be made to me descriptions set forth above without 
departing from the inventive scope which is defined by the following claims. 
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1 ■ A wireless cornmiinication system, comprising: 
a user station comprising: 

Reading circuitry for receiving and deeding a plurality of dots received from a. 
ka Sl a firs, transmit antenna ^ a second ^ attleina at a ^ ^ ^ rf ^ 

5 plun** of slot, comprises a first cftannd comprising a firs, set of pflo, symbols and a second channel 
composing a second set of pilot symbols; 

circuitry for measuring a firs, channel measurement for each given slot in the plurality 
of slots from ttefirs, transmit ante™ and £n response to the firs, m of P ao, symbols „ ^ givcn slot . 

circuitry for measuring a second channel measurement for each given slot in the 
10 plurahty of slots from Ac second transmit antenna and in response to the firs, sc t of piJ o, symbols in One 
gfven slol; and 

circuitry for measuring a phase difference value for each given slot in the polity of 
slots in response to the fin* channel measurement and the second channel measurement for the given slot 
and in response to a ninety degree rotation of the given Sot relative to a slot which waa received by die 
despreading circuitry immediately preceding the given slot. 

2. The wireless communication system of claim 1 wherein the user station further 
comprises circuitry for transmitting at least one weight value representative of the phas* difference value 
,n the transmitting station so that the transmit^ station may operate ro transmit a. least one additional 
slot to the user station by weighting symbols in the at least one additional slot in response to the at least 
one weight value. 

3. The wireless ocsnoiunication system of claim Z- 
wherein the first set of pilot symbols comprises unweighted symbols; and 
wherein the . second set of pflo, symbols comprises weighted symbols. 
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4. The wireless comrnimicacioii system of claim 3; 

wherein the circuity for meting a p , iase differed va.ue is opcmble with r^, to a first 
m ^ ^ * ^ fa ' *» to ~ *e phase difference va.ue in rew to a 

3 reaI ^ ^ a ** respoosivc to the firs, channel measurer and the 

second channel measurement is greater than or equal to zero; and 

wherein the circuitry for a phase differs va,„e is opem We with reS pect to a second 

slot tn the p.uraiity of stou, h a second instance imme*ate«y foJtowine the firs, slo , to ^ 
phase difference value in response to whether an imaginary portion of a convex do, product r^on^ve 
to the firs, channel measurement and the second channel measure k less tf M or ^ t0 ^ 

S. The wirdess communication system of claim 3 wherein fte user station further 
compnses beamformer verification circuitry for estimating, for each given slot in the plurality of slots a 
phase difference weigh, value as applied to the weighted symbols of the given slot tnuKnutted on the 
second transmit antenna by the transmitting station. 

6. The wireless communication system of claim 5: 

wherein the weighted symbols for each given slot comprise weighted pilot symbols; and 
wherein the bcamformtr verification circuitry estimates the phase difference weight value, for 
each given slot in (be plurality of slois> in response to tte weighted pilot symbols for the given slot and in 
regxmse to a product responsive to the second channel measurement and the second set of pilot symbols 
received from the second transmit antenna for the given slot 

7. The wireless communication system of claim 6 wherein the product is responsive to the 
second channel measurement in that U* product is responsive to a weighting of the second channel 
measure, for the given 5 k>t and fwther in response to weighted ones of the second channel 
measure, for a plurality of slots received before the given slot and weighted ones of the second 
5 channel measmejnentfor apluralityof slocsreceivedaflerthegiven slot. 

8- The wireless communication system of claim 7: 

whetein the user station further comprises circuitry for storing a measured phase difference 
value for a given slol; and 
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wherein the bearaformcr verification circuitry estimaies the phase dirjercuce weight value, for a 
slot in the plurality of slots immediately following the given slot, further in response to a probability of 
feedback error and the stored measured phase difference value. 

9, The wireless communication system of claim 6: 

wherein the beamformer verification circuitry is further operable with respect to a first slot in 
the plurality of slots, and m a first instance, to estimate a first phase difference weight value as applied to 
the weighted symbols in the first slot, in response to maximizing an aposteriori detecting probability in 
response to one of two phase difference values consisting of a first phase differ ence value and a second 
phase difference value; and 

wherein the bearnforrner verification circuitry is operable with respect to a second slot in the 
plurality of slots, and in a second instance following the fust instance, to estimate a second phase 
difference weight value as applied lo the weighted symbols in the second slot, in response to maximizing 
the aposteriori detecting probability in response to one of two phase difference values consisting of a 
third phase difference value and a fourth phase difference value; and 

wherein the third and fourth phase difference values differ from the first and second phase 

difference values. 



10. The wireless communication system of claim 9: 

wherein the beamformer verification circuitry estimates the phase difference weight value, for 
each given slot in the plurality of slots, in response to a complex dot product of the weighted pilot 
symbols for the given slot with a product responsive lo the second channel measurement and the 
5 weighted pilot symbols received from the second transmit antenna for the given slot; 

wherein the bcamforrncr verification circuitry is operable <o estimate the second phase difference 
weight value in response to a whether a real portion of the complex dot product is greater than or equal 
to zero; and 

wherein the beamformer verification circuitry is operable to estimate the firsi phase difference 
10 weight value in response to a whether an imaginary portion of the complex dot product is less than or 
equal to zero. 
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11. The wireless communication system of claim 10 wherein the beamformer verification 
circuitry is operable to estimate the phase difference weight value as an average of the first phase 
difference weight value with the second phase difference weight value. 

12. The wireless comnwiucatjon system of claim 11 wherein the product is responsive to 
the second channel measurement in that the product is responsive to a weighting of the second channel 
measurcmem for the given slot and further in response to weighted ones of the second channel 
measurement for a plurality of slots received before the given slot and weighted ones of the second 

5 channel measurement for a plurality of slots received after the given slot 

13. The wireless communication system of claim 12: 

wherein the user station further comprises circuitry for storing a measured phase difference 
value for a given slot; and 

wherein the beamformer verification circuitry estimates the phase difference weight value, for a 
5 slot in the plurality of sltxs immediately following die given slot, further in response to a probability of 
feedback error and the stored measured phase difference value 

14. The wirdess communication system of claim 10: 

wherein the user station further comprises circuitry for determining a channel estimate for slots 
received from the first transmit antenna and the second transmit antenna and corresponding to a same 
ttmeslot, wherein ^ the channel estimate is determined in response to a sum of a first addend with a second 
5 addend; 

wherein ihe first addend comprises a first product responsive to the second channel 
measurement and the second phase difference weight value; 

wherein the second phase difference value is norma feed with respect to the first phase difference 
weight value; and 

wherein the second addend comprises a second product responsive to the first channel 
measurement and the first phase difference weight value. 

15. The wireless communication system of claim 14 wherein the user station further 
comprises maximal ratio combining circuitry for processing the slots received from ihe first transmit 
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antenna and the second transmit antenna ami corresponding to a same time slot in response to the 
channel estimate, 

16. The wireless communication system of claim 14: 

wherein the first product is responsive lo the second channel measurement in that the first 
product is responsive to a weighting of the second channel measurement for the given stot and further in 
response to weighted ones of the second channel measurement lor a plurality of slots received before the 
5 gfven slot and weighted ones of the second channel measurement for q plurality of slots received after the 

given slot and 

wherein the second product is responsive to the first channel measurement in thai the product is 
responsive to a weighting of the first channel measurement for the given slot and further in response to 
weighted ones of the first channel measurement for a plurality of slots received before the given slot and 
10 weighted ones of the first channel measurement for a plurality of slots received alter the given slot. 

17. The wireless communication system of claim 15 wherein the user station further 
comprises maximal ratio combining circuitry for processing the slots received from ihe first transmit 
antenna and the second transmit antenna and corresponding .to a same time slot in response to the 
channel estimate. 

18. The wireless communication system of claim 6 wherein the bearnformer verification 
circuitry is further operable with respect to each given slot in the plurality of slots to estimate the phase 
difference weight value as applied to the weighted symbols in the given slot, in response to maximizing 
an a posteriori detecting probability in response to one of four different phase dilierence values. 

3 9. The wireless comnrunication system of claim IS: 

wherein the Deamforrner verification circuitry estimates the phase difference weight value, for 
each given slot in the plurality of slots, further in response io a complex dot product of the weighted pilot 
symbob for the given slot with a product responsive lo the second channel measurement and the 
5 weighted pilot symbols received from the second transmit antenna for the given slot; 

wherein the bearnformer verification circuitry further comprises circuitry for multiplying each of 
the one of four different phase difference values as a corresponding multiplicand times the product; and 
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wherein the beamforraer verification circuitry further estimates the phase difference weight 
value as the corresponding multiplicand that results in a largest product 

20. The wireless communication system of claim 19 wherein the product is responsive to 
the second channel measurement in that the product is responsive to a weighting of the second channel 
measurement for the given slot and further in response to weighted ones of the second channel 
rncasurerncnt for a plurality of slots received before the given slot and weighted ones of the second 

5 channel measurement for a plurality of slots received after the given slot 

21 . The wireless communication system of claim 20: 

wherein the user station further comprises circuitry for storing a measured phase difference 
value for a given slot; and 

wherein the beamformer verification circuitry estimates the phase difference weight value, for a 
5 slot in the plurality of slots immediately following the given slot, further in response to a probability of 
feedback: error and the stored measured phase difference value 

22. The wire? ess co mm unica tinn system of claim 19: 

wherein the user station farther comprises circuitry for determining a channel estimate for slots 
received from the first transmit antenna and the second transmit antenna and corresponding to a same 
time slot, wherein the channel estimate is determined in response to a sum of a first addend with a second 
5 addend; 

wherein the first addend comprises a first product responsive to the second channel 
measurement and the second phase difference weight value; 

wherein the second phase difference value is normaiized with respect to the first phase difference 
weight value; and 

0 wherein the second addend comprises a second product responsive to the first channel 

measurement and the first phase difference weight value. 

23. The wireless communication system of claim 22 wherein the user station further 
comprises maximal ratio combining circuitry for processing the slots received from the first transmit 
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antenna and the second transmit antenna and corresponding to a same time slot m response to the 
channel estimate. 



24, The wireless communication system of claim 22: 

wherein the first product is responsive to the second channel measurement in that the first 
prooYict is responsive to a weighting of the second channel measurement for the given slot and further in 
response to weighted ones of the second channel measurement for a plurality of slots received before the 
given slot and weighted ones of the second channel measurement for a pluraJily of slots received after the 
gfven slot; and 

wherein the second product is responsive to the first channel measurement in that the product is 
responsive to a weighting of the first channel measurement for the given slot and further in response to 
weighted ones of the first channel measurement for a plurality of slots received before the gfven slot and 
weighted ones of the first channel measurement for a plurality of slots received after the given slot 

25. The wireless communication system of claim 24 wherein the user station further 
comprises maximal ratio combining circuitry for processing the slots received from the first transmit 
antenna and the second transmit antenna and corresponding to a same time slot in response to the 
channel estimate. 



26. The wireless communication system of claim 1 wherein the first channel measurement, 
the second channel ineasurement, and the phase difference values arc measured in a first closed loop 
mode of operation in response to a first rale of Duppler fading, and wherein the user station further 
comprises circuitry for operating in a second closed loop mode of operation in response to a second rate 
of DoppJer fading. 

27. The wireless cximmunication system of claim 26 wherein the user station further 
contprises circuitry for traRsnriUing, in the second closed loop mode, both ampfitude and phase 
correction bits to the transmitting station so that the transrnining slation may operate to transmit at least 
one additional slot to the user station in response to the amplitude and phase correction bits. 
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28. The wireless communication system of claim 3 and farther comprising the transmittin£ 
stat ion, wherein the transmitting station comprises: 

circuitry for weighting symbols to form weighied symbols in response lo a feedback channel 
weight value responsive to the at least one weight value; and 
5 circuitry for txansrmtring the weighted symbols in a slol to ihc user station. 

29. The wifeless communication system of claim 3 and further comprising the transrruning 
station, wherein the transrnitting: station comprises: 

circuitry for weighting symbols to form weighted symbols in response to a feedback channel 
weight value responsive to an average of two weight values oornmunicated from the user station to the 
5 transmitting station in response to two slots received by the user station over two successive time slots; 
and 

circuitry for transmitting the weighted symbols in a slot to the user station, 

30. The wireless communication system of claim 1 wherein the user station comprises a 
WCDMA user station. 
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31. A wireless communication system, comprising: 
a user station comprising: 

despreading circuitry for reaving and despreading a plurality of slots received from at 
least a first transmit antenna and a second transmit antenna at a transmitting station, wherein each of the 
plurality Of slots comprises a first channel comprising a first set of pilot symbols and a second channel 
comprising a second set of pilot symbols; 

circuitry for measuring a first channel measurement for each given slot in the plurality 
of slots from the first transmit antenna and in response to the first set of pilot symbols in the given slot; 

circuitry for measuring a second channel measurement for each given slot in the 
plurality of slots from the second transmit antenna and in response to the first set of pilot symbols in the 
given slot; 

circuitry foi measuring a phase difference value for each given slot in the plurality of 
slots in response to the first channel measurement and the second channd measurement for the given slot 
arid in response to a prcdeiernuncd degree rotation of the given slot relative to a slot which was received 
by the despreading circuitry immediately preceding the given slot; and 

bcamformcr verification circuitry for estimating, for each given slot in the plurality of slots, a 
phase difference weight value as applied to the first set of pilot symbols of the given slot transmitted on 
the second transmit antenna by the transmitting station. 
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32 A method of operating a wireless communication system, comprising the steps of: 
receiving and despreading a plurality of slots received from at least a first transmit antenna and 
a second transmit antenna at a transmitting station, wherein each of the plurality of slots comprises a first 
cbannd cong>rising a first set of pDot symbols and a second channel comprising a second set of pilot 
symbols; 

for measuring a first channel measurement tor each given slot in the plurality of slots from the 
first transmit antenna and in response to the first set of pilot symbols in the given slot; 

measuring a second channel measurement for each given slot in the plurality of slots from the 
second transmit antenna and in response to the first set of pflot symbols in the given slot; and 

measuring a phase difference value for each given slot in the plurality of slots in response to the 
first channel measurement and the second channel measurement for the given slot and in response to a 
ninety degree rotation of the given slot relative to a slot which was received by the despreading circuitry 
immediately preceding the given slot 
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1 Abstract 

Code Division Mvdtipic Access Wireless System With Closed Loop Mode 
Using Ninety Degree Phase Rotation And Beanrformer Verification 

ABSTRACT OF THE DISCLOSURE 

A wirekss communication system (10). The system comprises a user station (12). The user 
station comprises despreading circuitry (22) for receiving and despreading a plurality of slots received 
from at least a first traiisnut antenna (A12,) and a second transmit antenna (A12 2 ) at a transmitting 
station (14). Each of the plurality of slots comprises a first channel (DPCH) comprising a fiist set of 
pilot symbols and a second channel (PCCPCH) comprising a second set of pilot symbols. The user 
station further comprises circuitry (50) for measuring a first channel measurement (& ln ) tor each given 
slot in the plurality of slots from the frrsr transmit antenna and in response to the first set of pilot symbols 
in the given slot. The user station further comprises circuitry (50) for measuring a second channel 
measurement (tf ^ ) for each given slot in the plurality of slots from the second transmii antenna and in 
response to the first set of pilot symbols in the given slot The user station further comprises circuitry 
(52) for measuring a phase difference value (#z(«)) for each given slot in the plurality of slots m response 
to the first channel measurement and the second channel measurement for the given slot and in response 
to a ninety degree rotation of the gfven slot relative to a slot which was received by the despreading 
circuitry immediately preceding the given slot 

2 Representative Drawing 



